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SECTION IL

OF MOVING POWERS AND THEIR RECIPIENT MACHINES.

CHAPTER I.

OF THE MEASURE OF POWERS AND THEIR EFFECTS.

§ 42. Dynamometer.—In order to determine the mechanical effect
produced by powers and machines, in terms of the Aorse power unit,
three elements are necessary, viz: The magnitude of the power or
effort, the distance passed through by it, and the time during which

the power has acted.
o enable us to represent the effect of forces, we must, therefore,

have measures of the force applied, the distance, and the time. Dy-
namometers serve to measure the force applied, the chain is generally
used for measuring space, and clocks or watches measure time. If P
be the magnitude of the force indicated by the dynamometer, and s
the distance throughout which it has acted during the time ¢, then,
the work or mechanical effect produced in this time is = Ps, and the

work per second L = ?.

Of dynamometers, there are various forms. The common balance
i8 a dynamometer, and is used to measure the force of gravity or
weight. Modifications of spring balances, and the friction brake are
the dynamometers applied to measure forces producing mechanical
effect. The friction brake is applied to measuring the mechanical
effect given off by revolving axles.

Balances are simple or compound levers, on which the force or
weight to be measured is set in equilibrium with standard weights.
Balances are either equal or unequal-armed levers, and the latter
are lw{a(liiously combined, according to the purposes to which they are
applied. _

§ 43. Common Balance.—The common balance is a lever th.h
equal arms, Fig. 92, on which the weight Q to be meagured is
equilibriated by an equal weight P. 4B 18 the beam with 1ts points
of suspension, (Fr. fléau, Ger. Waagebalken,) CD the index or
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point, (Fr. aiguille, Ger. Zunge,)
CE the support or fork, (Kr. gup-
port, Ger. Scheere,) C i8 the knifg-
edge or fulcrum, a three-sided
prism of hard steel.

The requisites of a balance are:

1. That it shall take a horizontal

position when the weights in the
two scales are equal, and only then.

2. The balance must have sens:-

bzlity and stabslity, that is, it mugt
play with a very slight difference

« of weight in either of the acales,
and must readily recover its hori-
zontal position, when the weights
are again made equal.

That a balance with equal weights in the two scales may be in 5.
justment, the arms must be perfectly equal. If a be the length of
the one, and 4 be that of the other arm; P the weight in the one
scale, and Q that in the other. Then when the beam is horizoptga]
Pa = Qb. If, however, we transpose the weights P and Q, we have
again Pb = Qa, if the beam retain its horizontal position. From
the two equations we have P?ab == Q*ab, therefore, P = Q, and
likewise a =56. When, therefore, on transposing the weights, the
equilibrium i8 not disturbed, it is a test of the truth of the balance.
A balance may also be tested in the following manner. If we put
one after the other two weights P and P into equilibrium with a third
Q in the opposite scale, the two weights P and P are equal to each
other though not necessarily equal to Q. If, then, we lay the two
equal weights in the opposite scales, removing Q, we should have in
cage of equilibrium Pa = Pb, and hence a==b6. Thus the hori-

Fig. 93.
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zontality of the balance when two equal weights are laid upon it, is
a direct proof of its truth or justness. Small inaccuracies may
be adjusted by means of the screws K, L, as shown on the balance
(Fig.193), which serves to press out or pull in the points of sus-
pension.

If a balance indicates weights P and Q for the same body, accord-
ing as it has been weighed in the one scale or the other, we have
for the true weight X of that body: Xa = Pb and Xb = Qa, hence
X?.ab= PQ. ab, or, Xx3= PQ, and X = / PQ, or the geometric
mean between the two values 78 the true weight of the body.

We may alsoput X = P(P+ Q—P)= PJ1+ _Tf, and

approximately = P <1 -+ %:Pf — £%3, when, as is usual, the
difference Q — P is small; we may, therefore, take the arithmetical
mean of the two weighings as the true weight.

§ 44. Sensibility of Balances.—That the balance may move as
freely as possible, and particularly that it may not be retarded by
friction at the fulecrum, this is formed into a three-sided prism or
knife-edge of steel, and it rests on hardened steel plates, or on agate,
or other stone. In order, further, that the direction of the resultant
of the loaded or empty scale may pass through the point of sus-
pension uninfluenced by friction, in order, in short, that the leverage
of the scale may remain constant, it is necessary to hang the scales
by knife-edges. In whatever manner such a balance is loaded, we may
always assume that the weights act at the points of suspension, and
that the points of application of the resultant of these two forces is in
the line joining the points
of suspension. As, accord-
ing to Vol. I. § 122, a sus-
pended body is only in
equilibrium when its centre
of gravity is under the point
of suspension, it is evident
that the fulecrum D of the
balance, Fig. 94, should be
ahove the centre of gravity
S of the empty beam, and
also not below the line /iB
drawn through the points
of suspension. In what follows, we shall assume that the fulcrum
D is above .AB and above §.

The deviation of a balance from horizontality is the measure of its
sensibility, and we have to investigate the dependence of this on the
difference of weight in the scales. If, for this, we put the length of
the arms CA and CB = [, the distance CD of the fulcrum from the
line passing through the points of suspension = a, the distance SD
of the centre of gravity from the fulcrum = ¢, if further we put the

Fig. 94.
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angle of deviation from the horizontal == ¢, the weight of the empty
beam = G, the weight on the one side = P, and that on the other
= P + Z, or the difference == Z, and, lastly, the weight of each
scale, and its apurtenances = Q, we have the statical moment on
the one side of the balance: (P+ Q+ Z) . DH= (P + Q + 2)
(CK—DE)= (P + Q+ Z) (I cos. $ — a ain. ¢) and on the other
side: (P+ Q). DL+ G . DF = (P + Q) (CM + DE) + G . DF
= (P+ Q) ({ cos. ¢ + a sin. $)+ G s sin. ¢; therefore, equilibriupy -
(P+ Q+ Z) 1 cos. 9 —a sin. ¢) = (P + Q) (! cos. ¢ + a sin. ¢)
+ G 8 sin. ¢, or, if we introduce tang. ¢, and transform :
[(2(P+Q+Z)a+ G 2] tang. ¢ == Z [, therefore,
VA -
ang-t =P+ Q) +4a+ CGs

This expression informs us that the deviation, and, therefore, the
sensibility of the balance, increases with the length of the beam, and
decreases as the distances a and 8 increase. Again, a heavy balance
18, caeteris paribus, less sensible than a light one, and the sensibility
decreases continually, the greater the weights put upon the scales.
In order to increase the sensibility of a balance, the line 4B joining
the points of suspension and the centre of gravity of the balance,

must be brought nearer to each other.
If a and & were equal to 0, or if the points D and S were in the

line ,/AB, we should have tang. ¢ == z2t o , therefore ¢ = 90°; and
0

therefore the slightest difference of weights would make the beam
kick or deflect 90°, In this case for Z == O, we should have:

tang. ¢ == —g, t. e. the beam would be at rest in any position, if the
weights were equal in each scale, and the balance would therefore
be useless. If we make only @ = 0, or put the fulcrum in the line

AB, then tang. ¢ = _(Z;l, or the sensibility is independent of the
8

amount weighed by the balance. By means of a counterweight &V
with a screw adjustment, Fig. 93, the scnsibility may be regulated.

§ 45. Stability and Motion of Balances.—The stability, or staticg)
moment, with which a balance with equal weights returns to the po-
gition of equilibrium, when it has inclined by an angle ¢, is deter-
mined by the formula:

Sm2(P+ Q). DE+ G.DF==[2(P+ Q) a+ G3g] sin. .
Hence, the measure of stability increases with the weights P, Q, and
G, and with the distances a and s, but is independent of the lengtl,
of the beam.

A balance vibrating may be compared with a pendulum, and the
time of its vibrations may be determined by the theory of the pen-
dulum. 2 (P 4 Q) a is the statical moment, and 2 (P + Q). AD?
= 2 (P 4+ Q) (I*+ a®) is the moment of inertia of the loaded scales,
and G #is the statical moment of the empty beam. If we put the
moment of inertia of the beam == G y* we have for the length of
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t§h§ 5%3ndulum which would be isochronous with the balance (Vol. I
2(P+Q) (l’+qi) + Ggf
2(P+Qa+Gs ’
and hence the time of vibration of the balance 3
¢ |12 (P+ Q) (+ %) + Gy,
g2(P+Q)Ja+Gs
for which, when a 18 very small or 0, we may put:
t—x |[2(PFQ P+ Gy
gGs
It is evident from this that the time of a vibration increases as
P, Q, ! increase, and as a and & diminish. Therefore, with equal
weights, a balance vibrates the more slowly, the more sensible it is,
and therefore weighing by a sensible balance, is a slower process
than with a less sensible one. On this account it is useful to furnish
sensible balances with divided scales (as Z, Fig. 93). " In order to
Judge of the indication of such a scale, let us put Z the additional

weightl= 0 in the denominator of the formula :
VA

. [2(P+Q +Z]a+Gs
and write ¢ instead of tang. ¢, we then get:
VA
P= Y PrQa+ G
If we then put Z for Z,, and ¢ for ¢,, we get:
Z1 :

P, = TP Ql) TG hence ¢ : ¢, = Z : Z; or, for small dif-
ferences of weight, the angle of deviation is proportional to that
difference. Hence, again¢ : ¢, — ¢ =2:Z — Z; and therefore

Z — _—’;-(Z — Z). We can, therefore, find the difference of

weights corresponding to a deviation ¢, by trying by how much the
deviation is increased, when the difference of weights is increased
by & given small quantity, and then multiplying this increase
(Z, — Z) by the ratio of the first deviation to the greater deviation
obtained.

Remark. Balances such as we have been considering, are used of all dimensions, and
ofall degrees of delicacy and perfection. Fig. 92 is the usual form of this balance
1n trade, and Fig. 93 represents the balances used in assaying, analysis, and in physicsl
researches. Such balances as Fig. 93, are adapted to weigh not more than 1 I1b.; bat

of a pound. The finest balances thet

¥ =

tang. =

they will turn with -IU of a grain, or with
)

have been made, render T 0002 T part of the weight appreciable, but such balances are
only for extremely delicate work. Even large balances may be constructed with a very
high degree of sensibility. For minute details on this subject, the student is relerred to
Lardner's and Kater's Mechanics, in “ Lardner's Cyclopadia.”

§ 46. Unequal-armed Balances.~The balance with anequal arma,
termed s¢atira, or Roman balance and seclyord, Jresents itself io
VOL. 11.—10 T
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three different forms, viz: steel-
yard with movable weight, steel-
yard with proportional weights,
and steelyard with fixed weight.
The steelyard with running
weight is a lever with unequal
arms AB, Fig. 9§, on the shorter
arm of which C.4, a scale 18 sus-
pe?ded, and on the longer di-
vided arm of which there i8 a
running weight, which can be
brought into equilibrium with
the body to be weighed Q. If
[, be the leverage CO of the

running weight &, when it balances the empty scale, we have for
the statical moment with which the empty scale acts X, = G, but
if [, = the leverage CG, with which the running weight balances a
certain weight Q, we have for its statical momentl X, = G/,; and
hence, by subtraction, the moment of the weight Q, = X, — X
=G (l,—1)=G. OG. If again a = C.J, the leverage of the
weight, and if b be the distance OG of the running weight from the
point O, at which it balances the empty scale, we have Qa = Gb,

and therefore the weight Q = C 5. Hence the weight Q of the body
a

to be weighed is proportional to 6 the distance of the running weight
from the point O. 2 b corresponds to 2 Q, 3 b to 3 Q, &c. And,
therefore, the scale OB is to be divided into equal parts, starting
from O. The unit of division is obtained by trying what weight
Q. must be put on the scale to balance G, placed at the end B,

Then Q. 18 the number of division, and therefore 9}2 the scale or

unit of division of OB. If| for example, the running weight is at B,
when Q = 100 ]bs., then OB must be divided into 100 equal parts,
and, therefore, the unit of the

Fig. 96,
& scale= O_B If for another

100
weight Q, the weight G has
to be placed at a distance b
= 80, to adjust the balance,
then Q = 80 lbs.; and so

on

In the steelyard, F ig. 2%,
with proportional weights,
the body to be weighed hangs
on the shorter, and the stand-
ard weights are put on the

longer arm. The ratio s

cA
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=5 of the arms is generally simple, as .2, in which case the balance

}
a
becomes a dectmal balance. If the balance has been brought to
. adjustment or horizontality by a standard weight, then for the wcight

Q of the body in the scale, we have Qa = Gb; hence Q=z—- G, and

therefore the weight of the merchandise is found by multiplying the
small weight G by a constant nwuber, for instance, 10 in the deci-

mal balance, or if the latter be assumed étimes as heavyas it really is.
a

The steelyard with fized weight, Fig. 97, called the Danish ba-
lance, has a movable fulerum C, (or it 18 movable on its fulcrum,)
which can be placed at any point in the length of the lever, so as
to balance the weights @ hung on one exrd, by the constant weight
G, fixed at the other.

The divisions in this case are
unequal, as will appear in the
following remarkl—

Fie. 97.

Remark. In order 10 divicde the Danish
steelyard, Fig. u¥,draw throngly its centre
of gruvity 8 and its point fer suspension
I two parallel lines, and set off on these
from 8 and B equal divisions, and druw
firomn the first point of divizion of the one.
lines w0 the poine of «ivislon L, I, III,
1V of the other parallel straight line.
Theze lines cut the axis BS of the beam
i the points of division required. 'flie |
point of intersection (1) of the line L I,
bisects 87, und, by ptacing the fulcrum
there, the weight of the merchandise is equal to the total weight of the steelyard, if it
be horizountal, ur i a state of equilibrinrn.  The
point of intersection (2) in the line I, il,is as far Fig. 98
again from S as from B: and, theretere, when e+ )
this point s supported Q = 2 G, when equili-
brium is establislied simiiarly, tlse point of divi-
sion (3) in the line L 111, is 3 times as {ar (rom
S as frum B; and bence for Q = 3 G. the f{ul-
crum niust bhe moved to this point. ]t is also evi-
dent that by supporting the points of division §,
3, &c., the weight Q =3 G, } G, and 50 on, when
the beam is jn a state of equilibriuin. We see
fromn this that the poiuts of division lie nearer
together for heavy weights, and further apart for
light weigits, and that, therefore, the seusibility
of this balance is very variable.

§ 47. Weigh-bridges.—Compound balances consist of two, three,
or morel simple levers, and are chicfly used as weighing-tables or
weigh-bridges for carts, wagons, animals, &c. Being used for weigli-
ing great weights, they are generally zroportional balances. 'l_he
scale of the ordinary steelyard is replaced here bf' a Joor, which
should be 8o supported, and connected with the levers, that the
receiving and removing of the body to be weighed may be as conve-
niently done a8 possible, and that the indication of the balunce may
be independent of the position of the body on the ftoor.
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Fig. 99 represents a very good kind of weigh-bridge by Schwilgue
in Strasbourg (balance ¢ bascule). This weigh-bridge consists of a

two-armed lever .ACB, of a simple single-armed lever A,C,B,, and
of two fork-like single-armed levers B,S,, BS,, &c. The fulcrum of
these levers are C, C, and D D,. The bridge or floor W is only par-
tially shown, and only one of the fork-formed levers is visible. The
bridge usually rests on four bolts K,, K, &c., but during the weigh-
ing of any body, it is supported on the four knife-edges S,, S,, &c.,
attached to the fork-shaped levers. In order to do this, the support
E of the balance /2B is movable up and down by means of a pinion
and rack (not visible in the drawing). The business of weighing con-
8ists in raising the support £C, when the wagon has been brought on
to the floor, in adjusting the weight G in the scale, and finally in
lowering the bridge on to its bearings K|, K,, &c. The usual propor-

. , €A, CA, DB,
tions of the levers are: o = 2, CB. = 9, and the arms Bg = 10.
If, therefore, the empty balance has been adjusted, the force at B
or A, = 2 G, the force at B, = 5 times the force in A= 10 G, and
lastly, the force in 8§ = 10 times that in 8, = 100 G. And, there-
fore, when equilibrium is established, the weight on the floor is 100
times that laid on the scale at G, and this makes a centesimal scale.

Another form of weigh-bridge such as is constructed at Angers, is
shown in Ifig. 100. The bridge I of this balance, rests by means of

Fig. 100.
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four supports at B,, B,, &c., on the fork-shaped single-armed levers
A, B,C,, AB,C,, of which the latter is connected with the prolonga-
tion C\H of the former, by a lever DEF' with equal arms. Until
the bridge is to be used, it rests on beams S, S, but when the load is
brought on, the support LL of the balance /4B is raised (and with
it the whole system of levers), by means of a pinion and rack-work,
and then so much weight is laid in the scale at (s, as is necessary to
produce equilibrium.

In whatever manner the weight Q is set upon the bridge W, the
sum of the forces at B,, B,, &c., is always equal to that weight.
But the ratio C}ﬂ’ 18 equal to the ratio C";;IE — Z_*of the length of the
arms, and theglegngth of the arm DE — lenéth of arm DF, as
also C,H = C.A,. It is, therefore, the same in eftect, whether a
part of the weight Q is taken up on B,, or directly on B,; or the
conditions of equilibrium of the lever C,B,A, are the same, whether
the whole weight Q act directly on B, or only a part of it in B,, and
the rest in B,, and only transferred by the levers C,B.4,, EDF and

C,Hto C,B.A,. X, further, % be the ratio of the arms %'g of the

upper balance, the force on the connecting rod B.A, = g . G, and

hence the weight on the floor supposed previously adjusted, is:
Q = ;i:. x g. G. Generally % = %: = '°, hence, E? = 190  and the
balance 18 centesimal.

§ 48. Portable Weigh-bridge. — In factories and warehouses,
various forms and dimensions of weighing-tables, after the design
of that of Quintenz, are used. This balance, which i8 represented
in Fig. 101, consists of three levers ACD, EF, and HK. On the first
lever hangs the scale-pan G, for the weights, and tworods DE and BH.

Fig 101,
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The rod DE carries the lever turning on the fixed point F, and the
second rod BH carries the lever HK, the fulcrum of which rests upon
the lever EF. In order to provide a safe position for the two latter
levers, they are made fork-shaped, and the axes F' and K on which
they turn, are formed by the two knife-edges. On the lever HK,
the trapezoidal floor ML is placed to receive the loads to be weighed,
and it i8 provided with a back-board MUV, which protects the more
delicate parts of the balance from injury. Before and after the act
of weighing, the lever formed by the border of the floor rests on
three points, of which only one, R, is visible in our section; and the
balance beam .4D is supported by a lever-formed catch S, provided
with a handle. When the merchandise is laid on the table, the
catch is put down, and weights are laid on at G, till the balance .4D
18 in adjustment. The catch is again raised, so that HK comes
again to bear on the three points, and the merchandise can be re-
moved without injury to the balance. The balance AD is known to
be horizontal by an index Z, and the empty balance i8 adjusted by
a small movable weight T, or by a special adjusting weight laid on
the scale at G.

In this, as in other weigh-bridges, it is necessary that its indica-
tions be independent of the manner in which the goods are placed
upon the table or floor. That this condition may be satisfied, it is

necessary that the ratio ﬁ—ﬁ: of the arms of the lever EKF, be equal

to the ratio % of the arms of the balance beam .4D. A part X of

the weight Q on the floor is transferred by the connecting rod BH
to the balance beam AH, and acts on this with the statical moment,

CB . X; another part ¥, goes through K to the lever EF, and acts
at E with the force fj_? . Y. But this force goes by means of the

rod DE to D to act on the balance beam. The part Y, therefore,

acts with the statical moment, CD. i._{‘; . ¥, and at B with the force

gg : g . Y on the balance beam +/2D. That the equilibrium of

the balance beam may not depend on either X or Y alone, but on

the sum of them Q = X + Y, it is requisite that ¥ should act on the

point B, exactly as if it were applied there directly, or that:

CD KF Y=Y ie CD KF EF
, L. e. .

CE " EF° o] == 1, therefore, ol Bl d ok If

we denote the arms C.2 and CB by a and b, we have here as in the
simple balance Ga = (X 4 ¥) b = QJ, and, therefore, the weight

required Q= bf G, for example,a= 10 G, if the length CB is =z ; of

CA. Such a balance is tested bylaying a certain weight on different
parts of the floor, particularly the ends, to ascertain whether it
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everywhere equilibrates the weight Gg. times smaller than itself,

placed on the scale.

Remark 1. Messts. George, at Paris, manufacture weighing-tables of a peculiar con-
stroction described in thee* Bulletin de Ia Sociéte d'Eucouragement, April, 1844.” This
balance liag only one suspending rod BD, Fig. 102; Lt to provide against the fluor ¥ M

Fig. 102.

turning, there are two knife-edge axes on the back, which are united with two pair of
knife-edges H and K, by four parallel rods EH and FK. According to the theory of
couples, the teosion Q, on the rod BD is equal to'a weight @ laid on the flosr; but be-
sides this, the floor itself acts outwards with a force P in E, and with an oppozite force
— P in F inwards. If d be the distance DL of the weight Q from the rod BD, and ¢ the
distance of the knife edges E and F, then e P — d Q, and, therefore, each horizontal force

P= _‘f Q. These forces do not influence the lever, and therefore the weight Q — _g G,
e
if, as hitherto, a and b denote the lever arms (".# and CB,and G the weight in the scale.

Remark 2. Weigh bridges are treated of in detail in the # Allgemeinen Maschinen En-
cyclopidie, Bd. 2, Art. Briuckenwaagen,” under the art. “ Weighing Machine, in the En-
cyclo. Britannica Edinensis."”

§ 49. Index Balances, or Bent Lever Balances.—The bent lever
balance is an unequal-armed lever ACB, Fig. 103, which shows the
weight Q of a body hung on to it at B, by an index C.7 moving over a
scale DE, the weight G of the index head being constant. To deter-
mine the theory of this balance, let us first take the simple case, in
which the axis of the pointer passes through the point of suspension
B of the scale, Fig. 104. When the empty balance is in equilibrium,
tle. its centre of gravity S, vertically under the centre of motion C,
let the index stand in the position CD;, and let the point of suspen-
sion be in B, If now we add a weight Q, then B, comes to B, and
D, to D, and S, to S, and thus the weight Q acts with the leverage
CK, and the weight G of the empty balance, with the leverage CH,
Therefore, for the new state of equilibrium Q . CK B= G . . If
now D.JV falls perpendicularly on CD, we have CD,N and SCH,

two similar triangles, and, therefore, CH DC'ObM’ and a8 besides,
o

CS
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. g dgnd o CK DN
the triangles D,P/Nand CBK are gimilar, we have also CE= DF

Fig. 103, Fig. 104,

and hence:
CBB DOJV h CSBD.N . cS DP .
3 Do L T e o AR, T ) R s <L) T8 ¥ i
¢ D, P CD, Q CB CD,

CS=a, CB=b, CD,= CD = d, and D,P =1, Q=§ . Z. There-

fore the weight Q increases with the portion D,P = x, cut off by the
index from the vertical D, L, and therefore I),/. may be divided as &
scale of equal parts. If a point P on the scale has been found for a
known weight put on the balance, other points of division are got by
dividing D, P into equal parts. 1If the index centre line of the CD,
does not pass through the point of suspension, but has another di-
rection CE,, the scale of equal parts corresponding to it, 18 found,
if we place the right-angled triangle CD,L as CE M or CE,, and
lastly, in order to get the circular scale E R, we have to draw radii
from the centre C through the points of division of the line E.M to
the periphery of the circle passed over by the point of the index.

K

Remark. There are other index balances described in Lardner’'s and Kater’s Mechanics.
Such balances are chiefly used for weighing letters and paper, thread, and such like
manulinctures, where samples have frequently to be weighed.

§ 50. Spring-balances or Dynaniometers.— Spring-balances are
made of hardened steel springs, upon which the weights or forces
act, and are furnished with pointers, indicating on a scale the force
applied in deflecting the spring. The springs must be perfectly
tempered, or they must resume their original form on removal of the
force applied. Thus spring-balances should never be strained be-
yond a Certain point proportional to their strength ; for if we surpass
the limts of their elasticity in any application of them, they are
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afterwards useless as accurate measures of weight.
The springs applied for such balances are of many
different forms. Sometimes they are wound spirally
on cylinders, and enclosed in a cylindrical case, so
as to indicate the forces applied in the direction of
the axes of the cylinder by the compression or ex-
tension of the spiral. In other balances the spring
forms an open ring ABDEC, Fig. 105, and the index
18 attached by a hinge to the end C, and passed
through an opening in the end .A2. If the ring B be
held fast, and a force P applied at E, the ends A and
C separate in the direction of the force applied, and
the index CZ rises to a certain position on the scale
fastened at D to the spring. If the scale has been
previously divided by the application of standard
weights, the magnitude of any force P applied, though previously

unknown, is indicated by the pointer.
Fig. 106 is a representation of Regnier's dynamometer. .4BCD

is a steel spring forming a closed ring, which may either be drawn

out by forces P and P,
or pressed together by
OB and D; DEGH 18
a sector connected with
the spring, on which
there are two scales;
MG is a double index
turning on a centre at
M, and EOF is a bent
lever, turning on O,
andwhichis acted upon
by a rod BE, when the
parts B and D of the
spring approach each

other in consequence
of the application of weights or other forces as above mentioned.

That the index may remain where the force has put it, for more con-
venient reading, a friction leather is put on the under side.

The most perfect, and most easily applied dynamometer for me-
chanical purposes, is that described by Morin, in his Treatise,
““lDescription des Appareils chronométriques a style, et des Appareils
dynamométriques, Metz, 1838, and used by him in his various re-
searches on friction and other important mechanical inquiries.
Morin’s dynamometer consists of two equal steel springs AB and CD,
Fig. 107, of from 10 to 20 inches in length, and the force appled
is measured by the separation which it produces between the t\vo spring

lates at M. In order to determine the force, for example, the force
of traction of horses on a carriage, the spring plate JV is connected
by a bolt with the carriage, and the horses are attached to the chain

Fig. 106,
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JM in any convenient manner. There is a pointer on M which indi-
cates on & scale attached to

Fig. 107 JV,the separation of the plates
produced by the force P ap.
plied. Ifthespringsbe plates
of uniform breadth and thick-
ness, and be ! = the length,
b = the breadth, and = the
thickness ; according to Vol
[. § 190, we have for the
deflexion corresponding to a

force P: ; ;
Pl Pl
‘=G yE=tgye O
the deflexion increases as the
force applied, aud, therefore,
a scale of equal parts should
answer in this dynamometecr.
As the deflexion s of twe
springs i8 called into action,
the ainount is double of that
of one of them, or it is
o Pl
=t gpn

generally s = i P, if  be a number determined by direct experi-

and, therefore,

ment. If, before application of such an instrument, a known weight
or force be put upon it, and the deflexion s ascertained, the ratio
between force and deflexion may be calculated, and a scale prepared.
It has been proved by experience that when the best steel is used,
the deflexion may amount to 5 the length, without surpassing the
limits for which proportionality between force and deflexion subsists.
'T'he springs that have been employed by Morin and others are made
into the form of beams of equal resistance throughout their length
(Vol. I. § 204), and have, therefore, a parabolic form, or thicker in

the centre than at the ends.

Remark. Forces do not generally act uniformly, but are continually changing, and
therefore the usual object is w ascertain the msen effort. The usual judex dynamome-
ters ouly give the force as it has acted at some particular instant, or only the maZimum
effurt. There is, therefore, extreme uncernainty in the indication of such dynamomneters,
inodified as they have been by M'Neill and otliers, when applied 10 ineasuring the etiort
of.horses applied to ploughing, canal traction,&o. Morin has completely Provided ngainst
this defect, by attaching to bis dynarnometer, a self registering apparatus. lirst suggested
byePoncelet, (see Morin's work above quoted,) by which, in one caze, the furce for eacl:
poit of a distance passed over is registered in the form of a curved line, drawn on paper,
and i the other case, the force as applied at each instant is sumed up or jntegrated
b)’.a machine Both apparatuses give the product of the [orce juto the disiance de-
ecnibed, and, therefore, the mean effort may be produced wher the mechanical effect is
divided by distance passed over—by a canal boat, for example.

In the dynamemeter with pencil and continnous seroll of paper, the measure of the
force is marked by a pencif passing through M, till its point wuches n scroll of puper
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passiug under it. This scroll is wound from the roller E, (Fiz. 107,) w the roller F,
which I3 set in motion by bants or wheel-work, by the wheels of the carriage itself.
When no force acts on the springs, the pencil would rnark a straigl:t line on the paper,
supposing it set in motion; but by application of a force P, the springs are detl=ctel, and
therefore a line more or less tortnous is drawn Ly the pencil at a variable «istance ('rom
the above alluded to zero ling, bat on the whole parallel to it. “I'he area of tlhie space
hetween the twwo lines is the measure of tlie mechanical effect developed by tlie force ;
for the basis of it is & line proportional to the distance passed over, and the Leight is
itself proportional 1o the furce that has acted to bend the spring.

§ 51. Friction Brake.—The dynamometrical brake (Fr. frein dy-
namométrique de M. Prony), is used to measure the power applied
to, and mechanical effect produced by a revolving shaft, or other
revolving part of a machine. In its simplest form, this instrument
consists of a beam .98, Fig. 108, with a bulance scale .4G; and of
two wooden segments D and E'F, which can be tightened on the
revolving axis C, by means of screw-bolts £/ and FK. To mea-
sure, by means of this arrangement, the posver of the axis C for a

iven number of revelutions, weights are laid in the scale, and the
screw-bolts drawn up until
the shaft makes the given
number of revolutions, and
the beam maintains a ho-
rizontal position, without
support or check from the
blocks L or R. In these
circumstances the whole
mechanical effect expend-

ed is consumed in over-
coming the friction between the shaft and the wooden segments, and

this mechanical effect is equal to the work or useful effect of the
revolving shaft. As, again, the beam hangs freely, it i1s only the
friction F acting in the direction of the revolution that counter-
balances the weight at G, and this friction may be deduced from the
weights. If we put the lever CM of the weight G referred to the
axis of the shaft = a, the statical moment of the weight, and there-
fore also the moment of the friction, or the friction itself acting with
the lever equal to unity = G a, then, if ¢ represent the angular ve-
locity of the shaft, the mechanical effect produced L = Pv = Ga . ¢
= ¢ a (G per second.

If, again, « = the number of revolutions of the shaft per minute,

CHER Sl i %”, and, therefore, the work required L — = e

60
The weight G must of course include, not only the weight in the
scales, but the weight of the apparatus reduced to the point of sus-
pension. To do this, the apparatus is placed upon a knife-edge at
D, and a cord from .4 attached to a balance would give the weight

required. .
he friction brake as represented in Fig. 109, with a cast iron

friction ring DEF is a convenient form of this instrument. This
ring is fastened by three pairs of screws on any sized shaft that will

Fig. 108.
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pass through the ring. For the wooden segment an iron band is
substituted, embracing half the circun-

ference of the iron ring. The band
ends in two bolts passing through the
beam .7B, and may be tightened at will
by means of screw nuts at H and K.
To hinder the firing of the wood, or
excessive heating of the iron, water is
continually supplied through a small
hole L. This apparatus is known in
Germany as ¢ Egen’s Friction Brake.”

Ezample. To determine the mechanical effiect produced by a water wheel, a friction
hrake was placed ou the shaft, and when the water let on had been perfiectly regulated
for six revolutiens per minute, the weight ¢ including the reduoed weight of the jnstru-
ment was 530 Ibs,, the leverage of this weight was ¢ = 10,5 feet. From these quanti

ties we deduce the effiect given off by the water wheel to have heen:

Jor L “3(') 105 530 — 3497 R, Ibsk= 6,3 horse power.

§ 52. In more recent cases, various forms of friction brake have

been adopted, some of them very complicated. The simplest we
know of is that of Armstrong,

Fig. 110. shown in Fig. 110. This con-
sists of an iron ring, which is
tightened round the shaft by
a screw at B, and of a lever
ADE with a scale for weight
G on one side, and a fork-
shaped piece at the other,
which fits into snuggs project-
ing from the ring. There is a

prolongation of one prong of the fork, by which the weight of the
mstrument itself can be counterbalanced, and which is otherwise con-
venient in the application of the instrument.

Navier proposed a mode of determining the effect given off at the
circumference of a shaft by laying an iron band round the shaft,
attaching the one end of this to a spring balance, the other end being
weighted, so that the friction on the wheel causes a resistance, in
overcoming which only the required number of revolutions take
place. The difference of this weight Q and that indicated by the
spring balance P, is of course = the friction F’ between the shaft
and the band. If then p be the circumference of the shaft, and »

the number of revolutions per minute, the effect produced

60 — 60 (R
When a spring balance cannot be obtained, a simple band, as
shown in Fig. 111, is sufficient for the purpose, if the experiment be
made twice, and the end B be fastened to an upright or other fixture,
first on the one side and then on the other of the shaft. In this way

one experiment gives us Q = P 4 F, and in the other Q = P,
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because in the one case, the friction F acting in the direction of
the revolution of the shaft,
counteracts the weight
hanging in the scale on
the end .4, and in the other
it acts with this friction.
For this arrangement, used
by the author in many ex-
periments, the mode of cal-
culation already explained
applies Erecise]y. As the
power has only a small
leverage in this arrange-
ment, it is only suitable for

cases in which the effort
exerted is small. The strain on the band may be multiplied by means

of an unequal-armed lever attached at .4, instead of the direct appli-
cation of the weight in the scale. The author has successfully applied
a leverage of 10 to1in this way. In order toavoid the objectionable

increase of friction of the axle or gudgeons induced by this appa-
ratus, the band may be made to pass round the shaft, carrying the
one end upwards and the other down.

Remark. Egen treats of the diffierent forms of dynamometers in his work, entitled
' Untersuchungen iiber den Effiect einiger Wasserwerke, &c.,” and Hiilsse, in article
Bremsdynamometer in the “ Allgemeinen Maschinenencyclopidie.” James White, of
Manchester, invented the friction brake in 1808. See Hachette * Traité elémentaire des
Machines, p. 460.” Prony's original paper is in the * Annales des Mines, 1826. There
are remarks on its use in the writings of Poncelct and Morin, worthy attention. W. G.
Armstrong's paper is in the “ Mechanic's Magazine."” vol. xxxt1. p. 331. Weisbach's
papers on the friction ban], in thee* Polytechnishes Ceutral Blat,” 1844.

Fig, 111,

CHAPTER II.

OF ANIMAL POWER, AND ITS RECIPIENT MACHINES.

§ 63. The Power of . Animals.—The working power of animals is,
of course, not only different for individuals of different species, but
for animals of the same species. The work done by animals of the
same species depends on their race, age, temper, and management,
as well as on the food they get, and their keeping generally, and
also on the nature of the work to which they are applied, or the
manner of putting them to their work, &c. We cannot discuss these
different points here, but for each kind of animal employed by man,
wetshall assume as fair an average specimen as possible,—that the
animal is judiciously applied to work it has been used to perform,
and that its food is suitable. But the working capabi]itries of ani-
mals depend also on the effort they exert, and on their speed, and

VOL. IT.—11
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on the time during which they continue to work. There is a certaip
mean effort, speed, and length of shift for which the work done is a
maximum. The greater the effort an animal has to exert, the less
the velocity with which it can move, and vice versd. And there is g
maximum effort when the speed is reduced to nothing, and when,
therefore, the work done is nothing. It is evident, therefore, that
animal powers should work with only a certain velocity, exerting a
certain mean effort, in order to get the maximum effect; and it also
appears that a certain mean length of shift, or of day’s work, is ne-
cessary to the same end. Small deviations from the circumstances
corresponding to the maximum effect produced, are proved by long
experience to be of little consequence. It is also a matter of fact
that animals produce a greater effect, when they work with variable
efforts and velocities, than when these are constant for the day.
Also pauses in the work, for breathing times, makes the accomplisg.
ment of the same amount of work less fatiguing, or the more the
work actually done in a unit of time differs from the mean amount
of work, the less is the fatigue.

The main point to be attended to in respect to animal powers is
the ““day’s work.” If this be compared with the daily cost of main-
taining the animals, and interest on capital invested, we have a mea-
sure of the value of different animal powers.

§ 54. The manner and means of employing the power of men and
animals is very different. Animal powers produce their effects either
with or without the intervention of machines. For the different
means of employing labor, the degree of fatigue induced is not pro-
portional to the work done. Many operations fatigue more than
others; or what amounts to the same thing, the mechanical effect
produced is much smaller in some modes of applying labor than in
others. Again, all labor cannot be measured by the same standard
as is involved in our definition of mechanical effect. The work done
in the transport of burdens on a horizontal road cannot be referred
to the same standard as the raising of a weight is referred to. Ac-
cording to the notions we have acquired hitherto, the mechanical
effect produced in the transport of burdens on a horizontal road is
nothing, because there is no space described in the direction of the
force (Vol. I. § 80) exerted, that is, at right angles to the road;
whilst in drawing or lifting up a ‘weight, the work done, or mechani-
cal effect produced, is determined by the product of the weight into
the distance through which it has been raised. It is true, that
walking or carrying fatigues as much as lifting does, 7. e. the “day’s
work’’ is consumed by the one as by the other kind of labor; and,
therefore, a certain day’s work is attributable to the one as there is
to the other, although they are essentially different in their nature.
According to experience, a man can walk, unburdened, for ten
hours a day at 4} feet per second (something under 3} miles per
hour). If we assume his weight at 140 lbs. we get as the day’s
labor 140 . 4,75 .10 . 60 . 60 = 23,940000 ft. lbs.

If a man carry a load of 85% lbs. on his shoulders, he can walk
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for 7 hours daily with a speed of 2,4 feet per second, and, there-
fore, produces daily the quantity of work = 85,5 .2,4.7.60. 60
= 5/,171000 ft. 1bs., neglecting his otwwn weight.

A horse will carry 256 1bs. for 10 hours daily, walking 3% feet
per second, so that its day’s work amounts to 256 . 3,5. 10 . 60-.
60 = 32256000 ft. 1bs., or more than 6 times as much as a man
doing the same kind of work. If the horse carries only 171 lbs. on
his back, he will trot at 7 feet per second for 7 hours daily, and the
work done in this case is only 171 . 7. 7. 60 . 60 = 30164400 ft.
1bs. daily.

The amounts of work done in raising burdens is much smaller,
for in this case mechanical effect, according to our definition, 18
produced, or the &pace i8 described in the direction of the effort

czerted.
If a man, unburdened, ascend a flight of steps, then, for a day’s

work of 8 hours, the velocity measured in the vertical direction is
0,48 feet per second; therefore, the amount of work done daily
= 140. 0,48 . 8 . 60 . 60 = 1935000 ft. 1bs. It thus appears that
a mzlz]n can go over 12} times the space horizontally that he can ver-
tically.

In constructing a reservoir dam, the author observed
that 4 practised men, raised a dolly, Fig. 112, weigh-
ing 120 lhs., 4 feet high 34 times per minute, and after
a gpell of 260 seconds, rested 260 seconds; so that, on
the whole, there were only 5 hours work in the day.
From this it appears that the day's work of a man

Az 1%9. . 4.34.5.60=1224000 feet 1bs.

Fig. 112.

Remark 1. In theé Ingenieur,” there is detailed information on the work done by ani-
mal power. In the sequel, the effiect protluced by animals by aid of machines is given

for each machine respectively.
Remark 2. The etfiect produced by men and animals is far from being accurately

ascertained. The effiect produced by nien working under disadvantageous circumssances,
or by unpracticed labarers, is not one-half of that produced by well-trained hands. Cou-
" lomb, in his “ Théorie des Machines simples,” firstentered on investigations of the effect
of animal powers. Desaguiliers (“Cours de Physique expérimientale,”) and Schulze
(* Abhandlungeu der Berliner Akademie,”) had previously occupied themselves with
the subject. Many experiments have been made and recorded in more recent times.
See Hachette, “ Traité élémentaire. &c.,” Morin, © Aide Mémoire,” Mr. Field in the
« Transactions of the Institution of Civil Engineers, London,” Sim’sé* Practical Tunnel.
ing,” and Gerstner's ¥ Mechanik,” Band 1.

§ 606. Formulas.—Effort and velocity have a very close depend-
ence in the application of animal power; but the law of their de-
pendence is by no means known, and is still less deducible d prior:.
The following empirical formulas, given by Euler and Bouguer, are
only to be considered as approximations. If K, be the maximum
effort which an animal can exert without velocity, and ¢, the greatest
velocity it can give itself when unimpeded by the necessity of ex-
traneous effort, we have for any other velocity and eftort:

according to Bouguer : P = (1 — g-) K,
|
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2
2

according to EulerB P = é] B4 ”._) K,
cl

v \? -
4 Euler : P= (1 — e_) K,.
1

The first of these is the most simple, and that which, according to
Gerstner, corresponds best with observation. According to Schulze’s
observations, on the other hand, the last formula appears to be most
consistent with experiment. If we draw v as abscissa, and P as
ordinates to a curve, the first formula corresponds to a straight line
AB, Fig. 113, the second with a concave parabolic curve 2P,B, and
the third with a convex parabolic curve .4P,B, and the ordinates
MP, of the straight line always lie between the ordinates M#, and
MP, of the two parabolic curves. The abscissa O.M, for example,
= v = } ¢, corresponds to the ordinates MP, =} K = } 0.4, also
MP, =38 K=§ 04, and MP,=} K= }0A.

Fig. 113. The formula of Bougucr, therefore, gives values

of the effort which lie betwecn the values given
by the two formulas of Euler; and we may,
therefore, make use of Bouguer’s formula until
some special reason for adopting Euler's for-
mula be adduced. If we introduce into Bou-
guer's formula, instead of the maximum values
K, and ¢, the halves of these, or their mean

values A=} K, and c=$} ¢, we get a formula first applied by
(rerstner:

P=(1—2)2K o P=(2-2)K

and inversely, » = (2 A% %)c Although this formula can be but

little depended upon as accurate for extreme values of v and P, yet
it may be presumed, that for values not very different from the
mean, they are sufficiently near for practical uses. The mechanical
effect produced per second would follow from this:
Po—(2—Y)oK. As(2—2)vK=(2e—v)0,
¢ ¢ ¢
the mechanical effect is a maximum, as in Vol. I. § 386, when v=c,
or when P = K, or when the velocity and effort are mean values,
t. e, Pv= Kc. If we try to get a greater or less velocity, or a
greater or less eftfort, we get an effect L= Pv less
Fig. 114. than Ke. If we set off the velocities as abscisses,
and the amounts of mechanical effect produced as
ordinates, we get as the projected curve a para-
bola .ADB, Fig. 114; and it is evident that not
only for abscissa JAM < .AC, but also for AN -
BC, the ordinates MP, M P,, are less than for

the abscissa .#C=¢. Forv= %, a8 also for v = 3

¢, it follows from the above that L = § Ke = § CD.
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According to Gerstner, the following table represents the draught
of animals applied properly to draw by traces.

Mean ef:| Mean speede Mean period | Effect pro- . ;
Animals. | Weight. | fort K in|c in fee{) per of day’s work.| duced p. sec. D;:Zt Tg:m
' Iba. second. |  Hours. in f1. Ibs, )
Man .| 150 30 2,5 8 75 2160000
Horse . 600 120 4 8 480 137824000
Ox . . 600 120 2,5 8 300 8/640000
Ass . 360 72 2,9 8 180 5’ 184000
Mule . 500 100 3,5 8 | 350 10080000

Ezample 1. According to the above table, a man working with an effort of 30 lbs,
and mean velocity of 24 feet per second, produces in a day an arnount of mechanical
effiect represented by 27160000 feet lbs. If he be urged to work at 3 feet per second,

the effort will be reduced to P = (2 — 2_35_> 30 = 24 lbe, and bis daily efliect would

only be 24. 3. 8 .60 . 60 =2'073600 feet lbs.
Faample 2. If a horse be obliged to draw with an effiort of 150 Ibs,, it can only be

150

120
work is redaced to only 3 . 150 = 450 feet Ibs. per second.

Remark. Fourier,in the Annales des Ponts et Chaussees, 1836, gives a complicated for-
mula for the eflect produced by howses. See also Crelle’s Journal der Baukunst, Band

xii. 1838,

§ 56. Work done by atd of Machines.—1f we follow Gerstner's
notion, that the period or time of each shifi, or day's work, has the
same influence on the amount of work done as the velocity, we must
then put for the effort:

r=(2=2) (2=

and from this we get the daily effect produced:

£-(2—) (= 3)ies

There can be no doubt that the effect produced is a maximum,
that is = Kci, when the animal is made to work, not only with a
mean velocity and effort, but also when the time of work is kept
within the mean for this. It is to be kept in mind, however, that
this formula only applies when the values of v, 2z, and P do not
differ widely from ¢, ¢, and K.

M. Maschek, of Prague, recommends the expression:

oo

done with a velocity v = (2 — ) 4 = 3 feet per second, and thus his effective

¢
which 18 certainly more convenient for calculation.*
Eight to ten hours per day is a good average day’s work, and,

therefore, the factor (z_z_z) may genera]]y be neg]ected, or the

day’s effect may be written L == <2 - 2) K v z. If, however, an
c

* Neue Theorie der menschlichen und thierischen Krifte, &c., von F.J. Maschek, Prag.
11*
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animal be applied to a machine, its effort P would be divided into
an effort P, for doing the work, and an effort P, for overcoming pre-
judicial resistances, or P= P, 4+ P,, both resistances being reduced to
the point of application of the effort. It is also usual, as we shall
learn in the sequel, to find the prejudicial resistances P, composed
of a constant part R, independent of the strain on the machine, and
a part 8 . P, proportional, or nearly so, to the useful effect produced
or work done, where & is co-efficient derived from experiment, thus

P,=R+3. P; and, therefore,
P=(1+43) P, + R; and again (2-—;) K= (143 P,+ R.
The total effect produced per second is, therefore,
Py = (2_.::1) Kv= (14 8) P,v+ Rv.

and, therefore, the useful effect produced:
Kv?

c R K
Py= = —=) c— . .
i T+e [(2 1() ‘ ”]” d+8)c
That this effect may be the greatest possible (see previous para-
graph), we must have v = } (2 S %) c= ( 1— %)c, or the velo-

city less than the mean velocity; and so much the less, the greater
the constant part of the prejudicial resistance is. The effort corre-
sponding would be, according to this:

P (1 + R )K=K+§,

2K
or greater than the mean effort. The useful resistince, on the
k_R
: 9
other band, is P, = — =, The total effect produced is:
1+a
R \? :
Py = [1 — (2—If) ] K ¢, and the useful effect produced is:
Py = (1 21;( )gllica’ and the efficiency of the machine:
R 2
(1 - _27{)
T T 1y

g Ezxampie. 1 in a machine turned by two horses. the constant prejudical resistance re.
nced to the pomnt of application of the horses’ efiort== 6@ lbs., the velocity at wljicl,
the horses should work when K = 2 . 120=240 J}bs.,and ¢ = 4 feet, is reduced to p

— l — _60 — — - 6‘)
— ) c= 1.4 =305 feet. Further, the efiort of the horses = 240 S
480 5

=273:::l_b:w and, therefore, that of one horse = 135 lbs. If, now, the constant part of
Prejudicial resistance be 15 per cent. of the useful resistance, then 8==0,15, and, there-

fore, the resistance to be put on the machine p‘=240 ; 30 = 182,5 1Us, and the eff;.
1,

ciency of the machine would be » =(§)* -+ 1,15 =0,67,
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Remark. Gerstner reduces the calculation of the effect of animal power to motion on
an inclined plane. If G be the weight of the animal, P the etfort exerted, and a tle
angle of inclination of the ine:lined plane, upon which the moving power ascends with
its load, then the effiort is P+ G sin. a (see Theory of Inclined Plane, Vol. L § 134), and

hence (2 —_ 3) K= P-4 G sinaa. Hence, we have the load with which an animal
¢

can ascend an inclined plane, and, conversely, the inclination corresponding to a given

(o= 2y
G

lead,aviz.:#in o o= — , thus when P=0, and v =g or when theaaniinal

has no resistance to overcome, and goes with the mean velacity sin. a — _](; But, the
weight of an animal is almost always five times as great as the mean effiort it can exert,
therefore sin. a =3 and a = 114° is the angle of inclination of a plane which an animal

can ascend with the mean amount of exertion and fatigue. This corresponds 1o a rise
of one foot in five feet, or nearly so.

§ 57. The Lever.— Animal powers are applied to work by means
of the lever or the wheel and axle. The latter are either horizontal
or vertical. We shall first speak of
the lever as a machine for receiving
(and transmitting) animal power. The
generaltheory of this machine is known
from Vol. I. §§ 126, 127, and 170.
The lever 18 either single as .ACB, Fig.
115,0rdouble,as .ACB.A,, Fig.116; the
one has only one arm for the applica- }
tion of the power C.4, whilst the osher o
has two arms C4 and C4,. The lever
produces an oscillating circular motion, and is, therefore, chiefly
applied, when a reciprocating vp and down motion is desired, as in

Fig. 115,

Fig. 116,

pumping. Handles, suited to the number of hands to be applied,
are affixed to the lever. As the strength can be better exerted in
pulling downwards than in lifting upwards, it is usual to make the
down-8troke the working-stroke, and counter-bhalances are attached so
as to aid the workmen in the up-stroke, or the double lever is used,
on which the workers alternately pull doswwnwards. \When the down-
stroke is the effective stroke, ropes, hanging from the end of the
lever, are frequently substituted for handles. Levers arc somettmes
moved by the tread}7 of the feet.

That there may not be too great a change of direction during a
stroke, the lever's motion is confined to an arc of not more than

»>
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60°, and, in order to facilitate the exertions of the power, the space
passed through at each stroke is kept proportional to the length of
arm of the workers, or at from 24 to 3} feet. Again, the handles
should not come within from 3 to 34 feet from the floor. According
to experience, men work 8 hours per day, exerting an effort of &
= 10,7 lbs. on the end of a lever, with a velocity ¢ = 3,5 feet.
Therefore, the mechanical effect produced by a man applied to a
lever, as in pumping, is per second: L = 10,7 . 3,5= 87,45 ft. lbs,,
and, therefore, the day’s work

= Kct= 87,45 . 8 . 8600 = 1'078560 ft. 1bs.

In putting up a lever, it is necessary to take care that the work-
men shall be applied so as to exert the ascertained mean effort with
the mean velocity; or rather, that the effective effort shall exceed
the mean effort by only one-half of the constant prejudicial resistance.

The lever itself is subject to only one preju(ficial resistance, viz.:
the friction of the fulcrum. If R be the pressure on the fulcrum
arising from the weight of the lever and from the effort and resist-
ance, r the radius of the fulcrum, f the co-efficient of friction, and ¢
the leverage CA of the power, then the axle friction reduced to the

point of application of the power o R; as, however, f, and also
a

_ are generally small fractions, F is so small that it may be neglect-
a
ed in most cases, compared witlsthe other resistances.

If we suppose a useful resistance Q and a prejudicial resistance
& Q+ W acting at the point B, and if we put the leverage CB of
these resistancesk= 4, the moment of the effort becomes:
Pa=[(1+38) Q+ W] b, and, therefore, the effort itself:

P =9 {(1+ §) Q+ W]. But, that the power of men may be most
a

advantageously applied: P = K + 2 . _101 and, therefore, g K
a 2

= (143 Q+ ;K, and, therefore, the ratio of the lever arms

a _(1+8)Q+F We oo be employed.

b K
Fig. 115 Remark. The arms of the lever are varia-
' - Lle 10 a certain extent during thie stroke, and,
therefore, it may be well to determine the
amount of this variation,
If the arm CB, Fig. 117, be lorizontal at
thie hal/-stroke, and if the angle B,C B, passed

through in a strokee= 8°, thie height thiroug!,
which the resistance is overcome s=ﬁ

=2 bsin.‘g and, therefore, the 1mechanica|

U
effiect produced or expended in one gairoke

=2 bn‘n.g. . Q. If, however, the resist-
ance were constant during the stroke at a

]
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leverage C B=1b, the space passed over at each stroke woull be = arc B, BB; = £ b, and,

-

20 sne— ‘

—_— Q=M . Q and the statical mo-
8o ‘ 8

2 sin. / .
ment — ._ﬂ Q b. Conversely, we may assume that the resistance Q acts Juring
o

arc, 60°

therefore, the resistance would be —

a streke on the mean length of arm 2bein } 8 For 82 = G0° this lever =

b

1,0472
tion, the difference is still much less.
Ezaemple. What proportion of arms should be chnsen for a lever. that for a useful re-
sistance of 160 lbs. and a prejudicial resistance @ =0.15 Q4 55=0,15e 1604 55
=79 lbs., four men may work to the best advantage? K=—=4, 10,7=42,8 lbs. there-

fore &= L1%g :6208+ 229 = 241 I:= 4,9. If the resistance passes through 1 foot for
. 1 -) N

each stroke, the power must at the same time pass thirough 4,9 feet, and if we take

8

=0,955 b, or not quite 5 per cent less than b, and for smaller arcs of oscilla-

the angle of oscillation 8=50° we get for the suitable length of lever b —

8

2 s, —
2

__%= 1,183 feet,and the length of arma=—4,9 . 6=4,9 . 1,183 =5,80 i. The
n. 20
1604 79

81
4,9
12,195 lbs, and the efficiency

, 2 2
= (1 s o ) e (1—04311) = 0,607. We see, therefore, that four men
2.4,9.42,8 1,19

11D
capable of a day’s work eache= 17075860 ft. lbs, or 4’303440 ft. tUs. in all, would only

produce 0,657 . 4’303440=2/800000 feet lbs. usefud effect with this machine.

§ 568. Windlass. — The best means of applying the power of

men, is the windlass (Fr. ¢treuzl, tour; Ger. Haspel). This machine
consists of a horizontal axle, at the circumference of which the re-
sistance acts, and of a crank, handle, or
winch, Fig. 118, or series of handles on Fig. 118,
a wheel, Fig. 120, or of fixed or mova-
ble levers (hand-spikes), Fig. 119. With
the winch, the laborers have a continu-
ous hold throughout the revolution,
whilst with the wheel or hand-spike, the
action is hand over hand, or otherwise
at short intervals. The winch is the
form used for general purposes. The
wheel is applied principally in working
the tiller on board-ship, and the movable levers are chiefly used for
weighing anchor by means of the capstan.

That a laborer may produce the best effect by means of the crank-
handled windlass, the length of the lever must not be more than
from 16 to 18 inches, corresponding to the length of arm of the
laborer, and the axis of the barrel must not be more than 36 to 39
inches above the floor on which the laborer stands, for men of average
height. The handle of the windlass is adapted for one, two, or more
men, according to circumstances. As a man can work with less

effort necessary is P = — 48,78 Ibs., therefore, the effiort of each man —
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fatigue while pushing and pressing, than while lifting and pulling,
the effort required at each point of a revolution of the handle is not

Fig. 119, . Fig. 120.

equal, and, therefore, it is well in double-handled windlasseg to set
the handles 180° apart, and, when more handles are applied, to dis-

tribute them equally.
The day’s work of a man working a windlass has been found to

be 1175040 feet 1bs. with a mean effort K= 17 lbs., and mean velo-
city ¢ = 2,4 feet, and length of day 8 hours. The calculations for

the windlass are the same as for the wheel and axle.
If the resistance Q, Fig. 121, act with the lever CB = b, and the
, power P on the lever CA=a, then Pa = Qp;
Pk AR and, therefore, the power corresponding to g

given resistance is P = f_z Q. If, again, D be

the pressure on the journals or gudgeons and
r the radius of the gudgeons CE, then Pg=

Qb + f Dr, and hence P = %Q -} z- .fD. If

the resistance Q, together with the friction T

b
S D, consist of the useful resistance Q, the
constant prejudicial resistance W, and the variable prejudicial resist.

ance § Q, or, Q=(1+3) Q + WjthenlP =% [(A+3) Q+ W] =

K+ ‘_zb_ . %.V and, therefore, the proportion of the winch and barrel

radius should be:g.= (1+3) ?{‘+ i Wc But as the winch has g

prescribed height of 16 to 18 inches, the leverage of the resistance,
or radius of the barrel is to be determined by this, viz:

Ka .
: in order that the laborer may work to the
T+3)Q +3 W 4
greatest advantage.
Ezxanmple. On a two-handled windlass the resistance is 200 lbs., viz.: 150 Ibs. of use-

ful resistance, and 30 lbs. constant, and 20 Ils. variable prejudicial resistance. The
leverage of the resistance is 4 inches, that of the power 18 inches, the radius of the




VERTICAL CAPSTAN. 131

journal 4 inch, the co-efficient of friction f=0,1, and the wreight of the barrel, &c., 80
Ibs.; required the useful effiect of such a machine. The whole power required, if the

préssure on the journals be taken 2004-80e=280 Ibs,, is P = li' . 2004 0,1 : . 280
o]

2.1
= 44,44 4 0,5 =44,94 |bs,, and, therefore, the effort of each laborer must be 22.47 |bs,,

and, according to Gerstner's formula, the velocity of the power, or of the handle of the
windlass:

v = (2 — g) c= (2 —_ g%‘;_.?) . 2,4 = 1,628 feet, and that of the resistance:
a

w=b_ v=73 . 1,628 = 0,362 feet, and the useful effiect per second ;
Q10 =0,362 ., 150 = 54,3 feet lbs., and daily= 1,563840 lbs., and the efciency of 2uch
an application of the power of two laborers, the day’s work of each of whom is assurmed

to be 1,175040e n — 21963840 _ (665

2,350080

§ 89. Vertical Capstan.—
When the axis or barrel of
the windlass is vertical, it is
termed a capstan, Fig. 122,
It is chiefly used on land
for moving great weights a
short distance, or for remov-
ing great weights, as blocks

of stone from a quarry, or

for the erection of obelisks, &c. Its use on board-ship is well known.
The horse-capstan, in its different applications as the prime mover

of mill work, or as a whim-gen, as it is termed, by miners, is a modi-

fication of the windlass

easily comprehended. The Fig. 128,
cattle employed in working |
the vertical windlass or gin, A

go round in a given path, R
pushing or pulling at the |

arm of the machine. Fig.
123 shows the usual con-
struction of the whim-gin
(Fr. baritel d@ chevauz ma-
nége; Ger. Pferdegapel,
Handgdpel). BO 1s the
axis, having a pivet at O
resting in a footste p, ICA,
18 the double arm or lever,
with fork-shaped shafts G,
G,. These cross the backs
of the horses, and the harness is attached to them. The resistance
Q acts at the circumference of a barrel or drum, or toothed wheel
B, either directly or indirectly. Thelength of lever is made as great
as conveniently can be done, that the animals may have the largest
possible circle to move in. The radius should not be less than from
20 to 30 feet. The line of traction must be as nearly horizontal as
possible, and, therefore, the height of the lever should be fixed,
according to the height of the animals working on it. By the ar-
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rangement shown in Fig. 123, the horses or other cattle work very
nearly at right angles to the beam or lever; but if the horses be
attached by traces to a cross bar and hook, the direction of traction

makes n certain angle with the beam, becoming, in fact, a chord

of the circular path.
From the length of beam C.4 = a, Fig. 124, and the length of
traces 4D = d, the length of levers of the

Fig. 124. horses is:

- ’ d?
CJ\=al= aa-—zv
a?

or, approximately, = a e It is a re-
a
gult of experiment, that a man can work eight
hours daily on the beam of capstan or gin
exerting an effort of 254 1bs. at the rate of
1,9 feet per second, and can, therefore, pro-
duce a day’s work = 25.5. 1,9 . 28800 = 1'395360 feet 1bs.; that,
on the other hand, a horse working on a gin for 8 hours daily, with
a speed of 2,9 feet per second (a walk) can exert an effort of 95 lbs.,
or produce a day's work = 95 . 2,9 . 28800 = 7'034400 feet lbs.

The power 18 to the resistance, on the capstan or gin, as for any

wheel and axle, or P = Q é, when b and a are the arms or leverages
a

of the resistance Q, and power P respectively. The frictions at the
footstep and at the periphery of the pivots at top and bottom have to be

considered; for these require an increase of.the power. If G be the
weight of the gin or capstan comp]ete,

Fig. 125 and », the radius of the pivot, the gtatical
moment of the friction on the footstep = 3
f Gr, (Vol. 11§ 171.) The point of ap.
plication of the resistance B, Fig. 125,
generally lies nearer the one pivot, than
the other, and thus the pressure on the
two is different, and their dimensions gre
of course, proportional to the strain. ’

If the point of application of the resist.
ance be at the distance BO B [, from the

pivot O, and CB = I, from the pivot C, and if the whole length of
the upright shaft CO=1{=1 + I, then the pressure on the lower

pivot D, — {; Q, and the pressure on the upper pivot D, = lll Q asis

manifest if we first consider C and then O, as the fulcrums of the
lever CBO. Thus, the sum of the statical moments of the lateral

friction on the pivotsh=f D, r, + f D,r, = il -*l- T .S Q, and the

equation of equilibrium for the gin, is

Pa= Qb+ 3 1 Gr, +fQ.r‘lﬂ';r’l‘.
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Remark 1. The application of the whim gin, for drawing frem mines, is treatedd Of in

the thir« section. J
Remark 2. French authors assert that a horse, going at a trot,can work daily 43 howre,

exerting an effort of 30 kilog.=66 Ibs. at a speed of 2 metres= 6,6 feet, and, therefore,
can produce a day’s work of 77055000 feet lbs, If we apply Gerstner's formula, an
put K= 120 [bs., c=4 feet, v=6,6 feet, t =8 hours,and z=43 hours. we get the

power P=—= (2 = 63,(2) (2 —-% . 120=400 Ibs,, an:}, therefore, the day's work= 60

. 6,6e 4.5e 3600= 6415200 feet lhs., or pretty nearly the result allucded ta. If; haw-
ever, we take the velocity 2,9 feet of ] walk as the basis, we get by Gerstner’s formnla

)
a much greater eflort, viz: (2 — "jg) . 120=1933 lbs., and, therefore, the day’s work

(8 hours)e= 12778560 Ibs.

§ 60. Tread-wheels, or Tread-mills. —The weight of men and
cattle is sometimes used as the moving power of machines, the effort
being exerted by climbing on the periphery of the wheel. The
wheels consist of two crowns, connected with an axle by arms, and
with each other by a flooring. The laborer treads either at the
internal or on the external circumference, cross pieces, as steps,
being provided for his steadier support at intervals of 1} feet. Figs.

Fig. 126. Fig. 127,

126 and 127 represent the more usual construction of tread-mills.

Fig. 128 18 a construction of wheel
analogous to an endless ladder, but
18 not much used. On it, the laborer
18 placed at the level of the axis, so
that his weight acts entirely, and with
the radius CA = a surpassing that
of the wheel itself. In tread-mills
thelaboreris placed at an acute angle
ACK = a from the summit, or the
bottom of the wheel, and, therefore,
the leverage of his weight G, is less
than the radius of the wheel C.7= a,
viz: CN= a, = CA sin. CAN = a
gin. a. But then the fatigue of the
laborer on the endless ladder is greater than on the tread-mill. In
voLr. II.—12

Fiec. 128,
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the former case, it is the effort necessary to niount a verticallladder;
In the other, it is that for going up an inclination given by the tan-
gent AT, making the angle T.AH = CAN =a. The effort P in the
case of the ladder is, therefore, GG, while in the tread-mill it is &
8in. a. If the resistance Q act with the leverage CBe= b, then for
the ladder-wheel Ga = Qb, while for the tread-mill Ga gin. o = Qb,
by substituting the power or effort, as in the wheel and axle; Pa= Qb.
Mathematically considered, therefore, the tread-mill gives no ad-
vantage over the windlass or capstan; but the laborer can produce
a much greater day’s work by the one than by the other, and, there-
fore, they are often advantageously employed. The application of
four-footed animals on these wheels is inconvenient, and not advan-
tageous in any point of view.

It has been deduced from experiment that a man can work near
the centre of the wheel, ¢. e., near the level of the axis for 8 hours
daily, exerting an effort of 128 lbs., and going at 0,48 feet per
second, while he can work for the same time, exerting an effort of
254 lbs., and going at 2} feet per second, when his position is 24°
from the vertical. In the one case. the day’s work amounts to
1769000 feet 1bs., and in the other 17663000 feet 1bs.. Ilorses an
other cattle produce less effect on such machines than by means of
a gin. A part of the advantage arising from the use of tread-wheels
18 lost in the increased friction of their axles beyond that of wind-
lusses or capstan. If » G be the weight of the laborers, &, the
weight of the machine, and if the resistance Q act vertically down-
wards, the pressure on the journals D =7 G + G, + Q, and if r e
the radius of the journal, the moment of friction = f (n G + G, 4 Q)
r, and the ratio of power to resistance is: n G a 8in.o = Qb + f

G+ G, + Q) r.
_If the resistance be given, the angle of ascent may be determined,

Viz.:
Qb+ f(n G+ G, + Q)
nGa 1

8z.n 0 =

or the number of laborers
G (asin.a—fr)
Men work to the greatest advantage when their effort: n P=2 G

n

Fig. 199, stn.a=n K +9. ) ?V or when 8in, & —
' a s
b W
{ ;e W AR
( + a Qn)

§ 61. Movable Inclined Planes.—For
farming purposes, in breweries, &c., the
arrangement sketched in Fig. 129, is
sometimes applied. The horse or ox
works on such an inclined plane for short
spells. The machine has this advantage,
that the animal may be left without a
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driver. The action of the animals is in every respect the same as
in tread-mills, when they work near the horizontal radius. The
machine consists of a shaft BO, the axis of which is inclined 20° to
25° from the vertical, and of a plane, from 20 to 25 feetlin radius,

set at right angles to the shaft, and, therefore, having an inclination
of 20° to 25° to the horizon. If the animal moving the machine
work at a distance CA = a from the axis of the shaft, and if the
angle of inclination of the plane, or the inclination upon which the
animal may be supposed to be moving =a, then the power P= G
&n. a, and, therefore, the moment of rotation= Pa = Ga sin. a.

If the resistance be applied with a leverage b, its moment is Q b;
and if G, be the weight of the machine when in work, and r be the
radius of the pivot, the moment of friction on the footstep= 3 f (G
+ G,) cos.a . 7, and the moment of friction on the periphery of the
pivots==f (G 4+ G,— Q) sin. a . r; because the weight G 4+ G, re-
solves itself into the components (G 4 G,) cos. a, in the direction of
the axis, and (G 4 G,) 8¢n. o, in the direction of the inclination of

the plane, whilst Q acts in the opposite direction to this latter.
Whence follows

G a gin a=Q (b—fr sin. a) + f(G+ G,) (% cos. a+ 8in. a) . 1.

Ezxample. How many men are required to be put upon a tread-mill of 20 feet diame-
ter, in order to raise a weight of 900 lbs, acting with a leverage of 0,8 feet? If we
estimate the weight of the wheel, and its load at 5000 Ibs., and taking the radius of the
pivot at 2% inches, and the co-efficient of friction at 0,075, then the =statical moment of
the resistance=0,8 . 900 4 0,075. f¢ . 5000 = 720 4- 78 == 798 feet Ibs.,and, therefore,

the power at the circumference of the wheele='ﬁ3 = 79,8 lbs. A laborer placed 24°

back from the summit of the wheel, exerts an efliort of 25% Ibs., and, therefore, the num-
. . 79,8

ber of men required is =3.
254

feet |bs. per day of 8 hours, and, therefore, they could raise the weight Q ¢aily through

ﬂ%‘(};)ﬂ == 5890 feet high ; or, supposing the load had to be raised only 200 feet high,

These men could produce 3 . 1663000 = 4989000

5080
200

the three men could raise

=30 ¢imes 90@ thHs. to the height of 200 feet.

CHAPTER III.
ON COLLECTING AND LEADING WATER THAT IS TO SERVE AS POWER.

§ 62. Water-conduits.—Water that is to serve as power (Fr. leau
motrice; Ger. Aufschlagewasser), to be applied to machines, 18 col-
lected from streams and rivers, or from springs. In most cases the
machines have to be erected at some distance from the point at which
the water can be collected, and must be led to the machine in what
is termed the lead or lete, or water-conduit, or water-course,

The lead may either be an open channel or canal (Fr. canales,
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rigoles), or it may be a close pipe (Fr. tuyauz de conduite; Ger,
Rélrenleitungen). Pipes are best adapted for smaller quantities of
water. They have this great advantage, that they may be led in
any way within the hydraulic range of variation of level, whilst
canals as letes, must have a continuous fall. Valleys and hills may
often be passed by pipes without trouble or expense, while the open
channel requires the cutting of drifiés or tunnels, and the erection of

aqueducta.
§ 63. .Dams.—The vig viva of running waters, of brooks and rivers

having velocities of from 1 to 6 feet per second, is seldom sufficient
to allow of their direct application as power to drive machines. To
increase the vig viva, or to bring the weight of the water into action,
it 18 necessary to dam it up to create a head or fall (Fr. chute; Ger.
Gefille). Water is dammed up by weirs, dams, or bars (Fr. barrages ;
Ger. Wehre).

Weirs are either overfall weirs, or they are sluice weirs. Whilst
in the former the water flows freely over the saddle-beam cill, or
highest edge of the weir, in the latter movable sluice-boards dam the
water above the summit of a weir, which may be either natural or
artificial. The overfall weir is usually laid down with the view of
constraining a portion at least of the water of a river or stream to
enter a side canal above it, or a lete by which it is conducted to the
machine by which the power of the water is to be applied; and the
sluice weir, is used when the object is to get an increased vi2 viva to
the water, which is then directly applied to a machine immediately
below the weir.

In larﬁe rivers, dams are frequently built to occupy only a part
of the width of thestream. These dams are termed tncomplete wiers,

in contradistinction to complete weirs, which are laid from side to
side of the stream. The piers of bridges are examples of incomplete
weirs (Fr. barrage discontinue; Ger. Lichte Wehre), contracting
the passage for the stream to a certain extent.

Overfall weirs, too, may either be complete or imperfect. The
summit of the complete overfall rises above the surface of the water
in the part of the stream below it, whilst the top of the incomplete
weir lies below that level, so that a part of the water flowing over
undergoes a resistance from the water below-werr.

§ 64. Swell, or Back-water.— Any of the constructions we have
above alluded to, dam back the water, produce a swell above the
weir, an elevation of the water's surface, and, therefore, a decrease
of velocity. The height and amplitude or extent backwards to which
this rise of the water surface extends, is a matter important to be
determined with reference to the dimensions of the weir.

A knowledge of this relation between the weir, and its effects on
the river above it, is not only necessary because by damming up the
water too high, we should involve the district above in floods to which
they had not been previously subjected, but we may interfere with
other establishments, robbing them of a part of their fall, by throw-
ing back-water upon them. The level of the summit of weirs is often
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fixed by law or prescription according to a standard peg, or mark;
any alteration of which is an oftence liable to penalties (see, in refe-
rence to the English law on this subject, ‘ Fonblanque on Equity™).
The peg generally has a scale attached to it, by which the supply of
water may be read off at a glance.

The water flowing over an overfall, or through an incomplete
weir, acquires a waving eddying motion, the action of which is very
severe on the bed of the river immediately below the weir, so that

articular arrangements have to be made in the erection of weirs to
withstand this action.

The quantity of water contained in or flowing through streams or
rivers, i8 different at different times, so that we have the expressions
Sull, average, and dry, applied to the state of rivers, corresponding
in Britain, to winter, autumn, and summer, though not very definitely
fixed as to the particular period of the seasons. It is evidently ne-
cessary to have accurate information as to the mean supply of water
K‘ielded by a brook or stream, proposed to be applied as water power.

he state of the stream in autumn and spring may be taken as the
mean state, but for any important undertaking of this nature a series
of hydrometrical observations should be instituted, that the question
of the supply of water may be accurately determined. Any one of
the methods discussed in Vol. I. § 376, &c., may be adopted for this
purpose.

§ 65. Construction of Weirs.—For obtaining water power, the
overfall weir 18 the most important means. Weirs are built either

s?uare across the stream, or inclined to the axis of it. They are
often built in two parts inclined to each other, the angle, which is
laid up-stream, being rounded or not; they are formed as polygons
also, and as segments of a circle, the convexity being always turned
to the stream. Weirs are built of wood, or of stone, or of both com-
bined. They have frequently to be founded
on piles, from the difficulty of getting a
sound foundation. The cross section of
wooden, or other dams, is more or less of
the form of a five-sided figure .ABCDE,
Fig 130, in which ,9B is termed the breast,
BC the front slope, CD the apron, DE the
back, and E.A the sole, and C the sadile or
cill. The cross section of stone weirs is generally composed of

curved lines, as regards the apron and back, the object being to

get the rush of water smooth- e
ly away from the foot of the P
apron,80 as to prevent corro-
sion in time of floouls.

An overfall weir, such as
18 represented in Fig. 131,
consists of a row of piles D,
going across the stream, and

Fiz. 130,
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a walling-piece, or saddle-beam C on the top—of walling E in front
of the piles—a second row of piles F' further down-streain and

parallel to the first—of a casing of hard laid pavement G, between
the two, and which 18 con-

Fig. 132. tinued onwards with the
same curvature,forining an
apron (which should be
continued so that it turns
slightly wupwards). The
weir in Fig. 132, shows
the manner of founding on
| piles, the intervals between
WA the piles being cleared out

as far as possible, and rawmed with concrete, and upon this the

superstructure is raised. vk Moy 4
The construction of wooden wiers is sketched in Fig. 133. 4B

Fig. 133,

is a wall of beams, lying tight, one on the otlier, on the top of
which comes the saddle-beam 4. These beams are confined by s
double row of piles CD and C,D,, and the piles EF and GFl, driven
as breast and back of the dam, furin resting points for the planking
of the dim. The interior of the dam is filled with stone, clay, con-
crete, or such material. The apron K of the dmn is continuel

onwards as substantially as possible, in the manner shown in )¢
sketch. This latter is

Fig. 134. point ofgreatimportance.
m At L the sluice of the ote
is visible. A subinerged
weir is shown in Fig. 134,
2 18 the saddle-beam, 4B
ure the guide-eolumns, i
grooves, m which the
gluice works. The gr-
rangeients for raising or
openzny and lowering, or
ghutting the sluice are
various. A capstun-like arrangement is slown in thie figure, the
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sluice-board hanging by chains. The piles in such a construction
must be cleared for some depth, and the interstices well rammed
with puddle or concrete, to prevent leakage.

§ 66. Height of Swell.—By aid of the hydraulic formulas we have
investigated (Vol. L.), the
height and amplitude of
the back-water for any
given dam may le easily
Jetermined. If, in the
case of a dam represented
in Fig. 135, / be the head
B, and if &, be the
breadth, and &, the height
due to the velocity ¢ of
the water as it flows up to the weir, or:

ke = gi, then the quantity of water discharged by the weir is (Vol.
=g

I.§321) Q=13 4 b /2g[h+ k) —&?]. If, on the other band,

the quantity discharged be known, the head corresponting to it upon

L 4 I\

the saddle-beam: A =( Y o kz) — k. In order, thercfore,
ub v 2g

to give the height BO =z of a weir to produce a given lead, or rise

of the water surface at the weir = 4,, we put .2C + CO = .iB + BO,

or, if the original depth of the water down-stream C'® be pute= «a,

then A, + a=h 4z, and hence z=a+ h,—A.

When the back-water or head raised is considerable, say z=at
least 2 feet; the velocity of the water, as it comes to the weir k, may
be neglected, and, therefore, we may put:

3
r=a+ ]Ll—-( = Q_)%,
wbdv 29
and according to experiments of the author, the co-efficient . may be
taken = 0,80 for this case.

In the case of the submerged weir, Fig. 136, the calculation is
somewhat more complicated,
because in this case two dif-
ferent discharges are com-
Lined. The height .AC = A
of the water above the saddle-
beam is greater in this case
than the height AB =4, to
which the water 18 raised by
the dam, and, therefore, only
the water ahove the level B flows away freely, whilst the water under
B flows away under the head or pressure .4Be= 4. The discharge
through

Fiz. 135

Fig. 136.

XX 3 3
AB= Q,= % ueb/29 [k, + k) — k*],
and that through BC = h — 4, ise
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Q= pb(h—h) v g (b, + k),
and consequently the whole quantity, or,

-y 3 2
Q+Q=Q=ubvy 11 + B} — K1+ G— 1) (4 + }]
From the quantity of water Q, and the height A, to which the water
18 raised, we have the height of water above the saddle e

Q g (A, +Ic) — kZ

< —

ub 2 (h + ) (h, + 1)
from which the height of weir CO== 2 == a + A, — A may be deduce(,
It is evident that A= &, or the weir, is a submerged or imperfect

weir, when

— ] ‘3
Q> §udviyg [(’11 + k) — k2]
Ezample. A streatn of 30 feet width, and 3 feet in depth, discharges 310 enbic feet

of water per zecond. It is required to raise it 44 feet by means of a weir. What height
of weir is necessary? As the height of the water to be raised is considerable in this

case, we may confidently use the simpler formula:

r=a-+4 h,— ( 3¢ e * In this formula a =3, A, = 4,5, Q= 310, 6 =30
2 b2 '
m =0,80, and /2g = 8,02 for the case in question. Hence:

r=3-44,5— ( 3.10 )*— 9,7 feet; and, therefore, the overfall is g perfect

2, uU8. 30,802
weir, as was presumed. If it were required to raise the water up only 2 feet, z would

be 3,2 feet, or the weir would still be perfect. I 1% feet only were required, the dam
would not require to rise ahove the level of the water down-stream, or the natural level
of the water in the stream; and would be a submerged weir. Applying the complete

formulas to this case, and putting
310 \*

k=.__001 ( ) =0, 55( .
(A< k)b 4,5e 30
=0,0185. 5,27 _() 084 feet, and taking s againe= 0,80 we get:

b b 310 q (1580 — (0084t
0,8.30 . 8,02 /1,584 15843

= 1,28— 1,08 4 0,01 =0,23 feet.

The saddle overfall must, therefore, be about $ foot, or 3 inches under the snriice of
the water on the lower side of the weir, and, therefore, the height of the weir jiself

r=a-+é&—h, =3,25 feet.

§ 67. The height and amplitude of the back-water in the case
of sluice weirs may be determined according to the theory of the
discharge by sluices. Three cases may occur. Either the water
flows away unimpeded, or it flows under a counter pressure of
water, or it flows partly unimpeded, partly under water. In the
case of a free discharge, as in Fig. 134, the velocity of discharge
depends upon k above, measured from the centre of the opening to
the water’s surface. If, then, a be the height of opening, and 4

the breadth, then Q = . a b v/2 gh, and, therefore, inversely

1
h= 4 ———) or, taking into consideration the velocity % with

29
which the water comes up to the sluice,

1 /Q\? : :
h= % (# ab) k. Forthe height of opening, we have the fermula:

b4

k= h,




HEIGIIT OF SWELL. 141

Sl 2eS - oo L aKetigheTo w b i Y R i b i e
rpbv2gh
the dam above the sill, be given :
a'= Q . According to the author’s experimentse. 1s
pb g
{oTre;
heree= .60.

If the under-water lie back to the sluice, as in Fig. 137, then the
difference of level .4B= h, is the Ahead to be introduced as pressure
in the above formula. In this case, therefore, the opening corre-

Q [
b 2gh
When the level of the under-water is within the range of the

sponding to a given head kis : a =

Fig. 137. Fig. 138,

sluice’s opening, as shown in Fig. 138, one part flows away unim-
peded, whilst the other flows under water. If the height of the
water 1s raised, or the difference of level 4B, Fig. 138 = A the height
BC of the part of orifice of discharge above the surtace of the water
= a,, and BD the height of the part under this surfacee= a,, then
the quantity of water for the former part:

Q=1 q bJ 2g (k ich ;-‘), and for the other:
Q,=u a, b /2g h, therefore, the whole quantity :

Q=Q|+Q2=}‘b\/2§<alJ ‘_%'}'ag\/_,i).

From the quantity of water discharged Q, the heigbt to which the
water is raised &, and the depth a, of the sill or saddle of the weir
under the under-water surface, we deduce the distance of the sluice-
board from this surface:

ok i, 7) J a,
al (Fb\/:z_; a’\/‘ . ’l—-:'z—.

Example 1. How high must the boards of the sluice weir, Fig. 134, be raised, which
has to let ofl' 250 cubic feet of water per second, the breadth 4 beinge= 24 feet, and the
height A, 10 which the water is dammed above the ¢ill= 5 feet? In the case of unim-
peded disctarge:

L 250 e
— 0,6.24, 8,02J

AL P
2
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approximately: a= I, hence: J;, — 3 = /1,5 =2,12, therefure, the Lieiglht of open.

2
i . 2,16 L .
mg required: a = s 1,02 fuvet = 12,24 inches.
?

. s
Ezxample 2. What amount must the sluice, Fig. 137, be dravwn up, in order that it may
rlischarge 120 cubic feet of water per second, under a head of 1,5 feet. the width of open-

ing heing 30 (eet? This is a case of discharge under water, therefore,

2 :
Q= sk € __—=0,678 feet — 8,14 inches.

06 . 30 . 8,02 /1.5
Example 3. It is required to determine the nantity of water which flows through a
aluice opening (Fig. 138) of breadth § = 18 (eet, height CD = a, 4+ a, = 1.2 feet,
when the head .4 B=2 feet =h, and the height of wauter above the sill, a, == 0,5 feet.

In this case s b (/2ge=0,6. 18 . 8,02 = 86,6. Further a, /h = 8,5 /2 = 0,707,

anda, [h—2t=0,7 /1,65 = 0,899, therefore, the quantity of water required @ =
86,6 (0,707 + 0,899) = 86,6 . 1,606 = 139,07 cubic feet.

§ 68. Disconéinuous Weirs.—Tbe height of the back-water in the
case of incomplete or discontinuous weirs, such as piers of bridges,
jetties, &c., may be calculated in very much the same way as that
for overfalls. For the jetty BE, Fig. 139, there results a damming

back of the waters, because the stream is contracted from the width
AC to AB. If, therefore, the lead be closed, which it is well ¢

Fig. 139. Fig. 140.

assume, the whole of the water of the stream Q must pass through
the contracted passage .#B. If we put the width .48 = b, the height
of dammed watere=AB, = A, Fig. 140, and the depth B,C, of the
under-watere= e, then the quantity flowing freely agove the under-

water is Q, = 4 » b /2 gh* and the quantity flowing away as under-
waterk= Q,=ju ba +/2g k. Therefore, the whole quantity going

away : Q=pub v2gh (%3 h+ a). Hence, inversely, the breadth
of weir corresponding to given height A of dammed water, is

b Q . If the height of back-water A, be small.
n(@h+a)v2gh
or the velocity of the water great, the velocity of the water as it
comes up to the jetty, must be taken into consideration. If % be
again taken to represent the height due to the velocity of the water
as it comes to the weir, we have:
3

Q=3udv29([(1h + k) — lcg], and Q= pba v29(h+ k),
and, thereforee
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£ 3 3 3
Q=1ub v2g [?i [((A+ k) — K]+ a(h+ k)zl

and inversely :
Q

b= ’
— 3 3
» V2 |-§ ((A+%,)2—Fk*] 4+ a(k+ )é]

Whilst in the unimpeded motion of water in river channels, the
velocity is greatest at the surface, and decreases gradually as we go
downwards in the vertical depth, the case is different when the water
is dammed up by any obstruction in the stream. Then the velocity
tncreaseg from the surface of the upper-water down to that of the
under-water, and diminishes very little from thence downwards to

the bottom. There is, therefore, a change of velocity as represente
by the arrows in Fig. 140. This must necessarily be the case, be-

cause the water aliove the under-water surface flows away under a
pressure or head increasing from O to &, and the water under it,
fiows away under the constant pressure /%, whilst for uni
motion, the pressure or head at all depths= 0. This formula is
likewise applicable in the case of bridge piers, if b be put to repre-
sent the sum of the openings between the piers. In order to prevent
as much as possible injurious effects from the eddying motion of the
water behind and in front of the piers, the starlings are added, pre-
senting a rounded or angled prow to the water. If the starling of
the piers be round, or form a very obtuse angle, thenls 1s to be taken
= 90, if the angle be acute u = .95, and if the acute angle be
formed by the meeting of two elliptical or circular arcs, as in Fig.
141, » becomes even .97, or very nearly 1.

Fig. 141, Fig. 142.

]

..']_'

G e —=3
SHWIIF
H

Remark, 1f a jetty, or otirer bnilding contracting a stream, does not reach above the
surface, the whole quantity of water @ tmay be considered as composed of 3 parts. If
thie top of the construciiou be beneath the under-water surface CB, Fig. 142, then the

quantity of water flowing away through the section ABDC, is:
Q=13 b /2 [(h4 k)je—k3z]
h being the height of the back-water, and b the breadth AB.

Secondly, the remaiuing part above the top of the building, and under the constant
head A, or @ = (e b, (¢ —a,) /2g (h+ k), where a = G Hthe depth ol under-water
b, = the breadth £F of the building, and a, = itz height EH. ‘

Lastly, the part flowing away at the end of the building under the constant head 4, i3
Q=mwuba /g (k4 k), &, being the iree width CD. Thus:

- 3 2
Q=§#b\/2g [(h -l—- k2 —k!] + “ [b a_,b’ a.]\/gg (h+ k)’ and’ therefbre, We Can
calcilare the lentzth and lieigln ofhuih]ing neceesnry 10 proc]m-e a given ameulit of darn.
If, on the other band, C, D be the uudes-water surfuce, or if the censtruction reacls above

the surface,
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Q=3mb, 2 [(a+ h—a, + k)t — k2]

—_— 3 3
+ by /28 [(W+R)E— k2] + w a by /28 (A 4 k).
Ezxample. What width BC must be given to the dam BE, Fig. 139, in order that (lig
river, which js 550 feet wide, and 8 leet deep, and delivers 14000 cubic feet of wuter

per second, may be damimed up 0,75 feet?
14000 \* ;
k=0,0155 ( - =0,0155e 3,18 =0,156,

an) . ¥
and if 4 = 0,9, then the width of the contracted stream:
i 14000
= 5 -
09 . 8,02 [4 (0,906F — 156%) + 8 . 0,906%],
314000 14000 — 238,5 feet,

= 7218 (0,022 F 7008)  1218e 8,13
aud, therefore, the lengih or projection of the dam = 550 —238,5=311,J feet.

§ 69. Amplitude of the Back-water.—We have now to resolve tlo
other important question. According to what law does the height
of the dammed water diminish in stretching back, up stream ? With.
out having resort to any peculiar theory, this problem can be solve
hy the theory of the variable motion of water in river channels, ex-
plained Vol. I. § 369, § 370.

Let us suppose the length of river on which back-water from the
dam ABK, Fig. 143, is perceptible, divided into separate lengths,

Fig. 143.

and let us submit each length separately to calculation. If @, be the
depth of water .4B at the weir, a, the depth DE at the upper end of
such a length; .ABDE, F, the section of the flowing water at the weir,
F, the section at DE, Q the quantity of water, p the mean circum-
ference of the section for this length, and a the angle of inclination
of the river's bed, then, from (Vol. I. § 370) the length of the firat
division, (a,and a,, and F, and F, being substituted for each other) is:

1 1\ @

& ( )
Fr-"F2) 2

I= sl t 3
sin.a—§ . P (1 -l-l)g
Fog NS S K. 2
If a, be the depth of water GH at the upper end of a second length
DEGH, F, its section, and p, the mean perimeter of the water sec-
tion of this part, then its length
1 1)\ &
a,—a
DH=1 — 1 : (pas Flz) 28 :
sin.a = 2__P - +i)93
F+r\F21T )2,
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Continuing in this manner, namely, assuming arbitrary decreases of
depth a,—a,, a, —a,, a,— a,, &c., and calculating from this the sec-
tions F,, F,, F,, &c., and the mean perimeters, we get by the for-
mula, the distances I, [, I,, corresponding, or the distances I, ¢ + ,,
I+ 1, + fiy, &c., from the weir.

~To find the depth y corresponding to a given distance z, we may
either apply the method of interpolation to the values ¢, {41, I+,
+/,, &c., just found, or we may make use of this other formula,

likewise given, Vol. I. § 370, viz.:
2
L.

a, b, 2g
2 v

a
If we put in this instead of b,, the breadth, and instead of p,, the
perimeter, and for v, the velocity at the weir, this formula gives the
decrease (a,— a,) of the height of back-water on the first shortlength

l, and for a next following short length /, this decrease is:

(sin. a—7¢ . apbl . '2)’2)
al—a3= 2 l,vl2 g ll’ &C.,
1

1—-_.

a g
and, lastly, for a given distance { -;- [, +!,+ ... the depth: a,—
(¢, —a,)—(a,—a,)—. . . may be calculated.

Ezample 1. A weir is to be built in a river 80 feet wide, 4 feet deep, and discharging
1400 cubic feet per second, in order to dam up the water 3 feet high. Required the
relative amount of damming, at distances back from the weir. Without the dam, the

velaocity of the water ¢ = UL = 4,370 feet, and, therefore, according to the table, Vol.

ao-—al = )

I. p. 447, the oo-efficient of resissence = 0,00747, and the inclination of the channel

sin. « = 0,00747 . 2 . 'gi If; therefore, p =84, F = 80, 4 = 320, c = 4,375, and _[.
g 2g
==0,0139, then the inclination:

sin. & = 0,00747 3%% .0,0155 (4,375)* = .0,0005818, or, .00058,
near enough. The depth of water close to the weir is 4 4 3 = 7 feet, and we shall
now determine the distances at which the depths 64, 6, 54, and 5 fieet occur. If we

first introduce into the formula:
G, —a, — (;"—_1_.; gi
1 Fo Jg _',ao-—al=0,5, Fo=8067=660,
p ( 1 + 1 g‘
F0+ Fl Fo’ Fs, 28
F,=80.6,5=520, Q= 1400, sin. « = 00058, p = 86, and then for the mean velocity

2Q 2800
= 1= F,= = 2,59 feet, { = 0075, the value of
0,5 — (0,0000036982 — 0,0000031888) . 30434

0,00058 ~— 0,0075 2. (0,0000036982 + 0,0000031888) . 30434

0,0 — 0,0155 0,4845
- =———__ = 1071 feet.
0,00058— 0,000128  0,8004 52
To find the distance back at which a depression of 1 foat in the water's surfiace occurs,

we miust again put g, — a, = 0,5, but F,= 520, F, = 80 . 6 = 480, p == 85,5 and the
VoL, 11.—13

=

an. s — L

=




146 BACK-WATER SWELL.

mean velocity%ojg = 2,80 gives { = 0,00749. Hence, by means of the same formy|a

as ahove, we get for the distance in which the surface lowers, 3o that the depth becomes
¢ feet instead of 6,9,
0.5 — 0,0000006421e 30434 0.4845

= = 1142 feet.

= _
00058 — 00749 22 0,0000080385. 30434 0424

The water at a distance 1071 4 1142 = 2213 feet, is, therefore, only 6 feet deep,eor
the height of the back-water is 2 feet. If, again, we put a, — a8, = 0,5, and Fy = 480,
F,=440, p = 85,1, and { = 0,00749, then {= 1205 feet, and for a further depreesion
of 0,5 feet, | = 1413 feet, so that at 2213 feet+4 1203 feet -} 1413 feet= 4823 feet back
from the weir there is still a rise of 1 foot, occasioned byit. For the 4} feet deep length
{=1922 feet, for 44 feet, I = 1584 feet, and for 4,1 feet, [ = 1830 feet, =0 that there jg
still a difference of {sthof a foot ata distanced 829 -}~ 1922 + 15844 18504 10185 feet
back from the weir, and diminishes upwards; but for 4 feet,or complete cessation of back.

waler, = o by our formula.

Erample 2. Required the height of the back-water at the distance 2,500 feet back
from the weir of the last exampie. According to the cslculations above, there is a rise
of 2 feet at 2122 feet above the weir, and the question, therefore, is, how does the rise
diminish in the distance 2500— 2122 == 378 feet? The distance back from the 6 feet
depth at which a further reduction of 0,5 feet takes place, has been found above to be

1205 feet. Therefore, for each fioot a depression of 12‘35 feet, so that for 377 feet, we

should have 9.'.‘?._37_8 == 0,157 feet, and, therefore, the rise of the back-water at 2 500

feet back from the weir is 2 — 0,157 == 1,843 feet, and, therefore, the depth of \vater
= 5,843 feet. If we calculate according to the second formula :

(dﬂ.a—t. Po_ v—",)

Hyg— 0y == 5 ﬂo‘_’: 2g l, and if we put into this {==800, p,=86, Ay =17,
[ : !

) G

v, <&
0,0, == 560, vy — ]400,= 2,5,and £=0075, we get the depression corresponding = 0,399

060

feet, and if we again put I=2800, py==858, a,=7— 0,399 =6,601, a b, = 508
1r4;)80 = 2,652, and £ = .0075, the depression is found to be 0,383 feet. Continuing
7

in this manner, but setting { this timee= 900, p,=85,5, a,=6,60t1 — 0,383 — 6,218

ayby = 497,44ty = 41:;);)4 =2,88, and { =00749, we get the depression a,—a, =0 403

joet, so that for 800 4- 800 4 900 = 2,500 feet back from weir, the depth of water i
$,218 — 0,403 = 5,818 feet, and the height of the back-water here is 1,815 feet. The
first method gave 1,843, so that the diflerence in the reeults of the two metheds is not

(quite 4 of an inch.

§ 70. Back-water Swell.—If we consider somewhat closely the
equation of the curve of the back-water, that is, of its longitudinal

section, viz:

,0-—

we discover several interesting circumstances in reference to tle
back-water. In the fraction:

: v
ain. a—g'.?.ggu

2 !

a 2¢g
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the numerator and denominator become more nearly equal to 0, the
greater the velocity v, and according as the one or the other first

becomes 0, we havee

3)
(ao—al)(l—:-;i) 0
l = = =y = oo or { = (ao_al). = 0.
0 sin.a —¢ . .1 i
' "F ' 29
We perceive from this that when the numerator becomese= 0, the
division /, or the limit of the back-water becomes infinitely distant,
and in the case of the denominator becoming = 0, the length /= 0,

or there is no back-water. Now the numerator becomese= 0, when
By ¥ o sin. a, or, when the velocity of the dammed water differs

F 29
in an infinitely small degree from the velocity v —

5 .
29 F amn. o of

{p
the uniformly flowing water of the stream, and the denomimator be-

comese= 0, when:
o S ¥ a
3.2_9_= 1, Or,_‘—-=6’
that is, when the height due to the velocitye= half the depth of the

stream.

When the height due to the velocity of the water before the itnmtro-
duction of a weir, 138 less than, half the depth of the undammed water,
the back-water takes the form shown in. Fig. 143, and if the height
due to the velocity be greater than half the depth, the back-water has
the form Fig. 144, there being a rise or swelling at the point EG.

Fig. 144.

A

oy e ——

TOET, Sy r A
Gl ARy g ".“"."_".::'.F"""j} il . :
£ ¥ e

If in the equation 8n. o =

p (though it be only approximately) = b, we have: sin. a = % ¢.
Thus the circumstances represented in Fig. 144, are likely to occur
when the fall or inclination of the stream e, is greater than } the
co-efficient of resistance { = .0075, that is when « > .00375, or
a > ggp, OF 11in 266, As rivers and water-courses have generally

a Jess inclination than this, the sudden depression EG, Fig. 144, 18
eldom observable in them.

Remark |. This sudden depression of the back-water vas first observed by Bidone,
in a 12 inch wide trough, in which & was =0,033. The saneappearance is manifested
w hen the inclination of the channel changes, as shown in the Fig. 140. If the degree
of incliuation of the upper part be sreater than 4 £, and inclination of tbe lower part
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less, there is formed at the point of change
a swell, or sudden rise where the less depth
corresponding tothe greater inclination, passes
into the greater depth corresponding to the
less inclination.

Remark 2. Saint-Guilhem hasgivenanem-
pirical equation for the curve of the back-
water, but the author has given one more
simple and accurate in the “.4ligemeinen

Maschinen Encyclopidie,” article “ Bewegung des Wassers.”

§ T1. LReservoirs.—In districts where the supply of water is small,
but where powerful machines are nevertheless required, as in mining
districts generally, the construction of reservoirs (Fr. étangs ; Ger.
Teichen), or large artificial ponds, that fill during seasons of rain,
and supply the demands of drier seasons, is a matter of practical
importance. The site to be chosen for a reservoir is regulated by a
variety of circumstances. The main question is that of the relative
level of the machines to which the water is to be applied. This
being satisfied, they are most advantageously placed in a deep dean,
or part of the valley where they can collect, not only the rain-water,
but the streamlets and springs of as large a surrounding district as
possible. In such a situation a single dyke or dam going square
across the valley is sufficient to enclose the reservoir. The shorter
the dyke, and the less the superficial area of a reservoir for a given
cubical contents, the better. The steeper the banks, therefore, the
more economically a reservoir 18 formed. The lower the level of
the reservoir compared to the surrounding district, the greater supply
of water may be led into it, or will flow to it naturally

In selecting the site for a reservoir, great attention must be paid
to the nature of the bottom, that is, its impermeability must be

thoroughly ascertained; also its
Fig. 146. fitness for bearing the weight of
the dyke or dam. Artificial pud-
dling is, of course, a resource
avmlable in many cases; but for
very extensive reservoirs, it is
precarious and expensive remedy
for want of natural impermea-
bility. Fissures in rocks, depo-
sits of sand and gravel, morasses
or bogs are to be avoided by all

means.

Remark. On this subject, see Smeaton's
“lReports,” Sganzin, “Cours de Comtructum n
and Hagen “ Wasserbaukunst.”

The value of a reservoir depends
chiefly on its superficial and cubi-

cal contents. Kor ascertaining
these, an accurate survey is neces-

sary. The points I, II, III, &ec., of Fig. 146, are laid down from a

L1
i _||11|Tr'|'["
|

i
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survey with the chain or theodolite, and cro8s sections are then taken
by leveling (and sounding, when there exists a natural reservoir),
on equi-distant parallel lines 0 —0, I —I, &c. .

If &, 0,,0,...0,, be the widths 0—0, I —I, II—II, &c., and
if the distance between the parallels be a, the area of the dam is:

G=[bot bt d (b4 b+ +b.)+ 2B+ b+ - - - +bus)e o

and if, in like manner, F,, F,, F,, &c., be the area of the cross sec-
tions corresponding to the widths b, b,, b,, &c., respectively, the
volume of the dame

Ve [F+Fa+4(F+ Pt +F)+2(F+F 4. .+ F) | g.

By dividing the cross sections by parallel lines, drawn at equal
depths, we get the means of laying down contour lines of equal
depth, and so ascertain the contents of the dam for each depth.

Remark. The author’s work “ Der Ingenteur,” contains detailed instructions for measu-
ing reservoirs and dykes.

§ 72. Dykes.—The dykes or dams of reservoirs are generally of
earth-work, seldom of stone. The face inside, or next the reservoir
i8 covered with clay puddle, and with a carefully laid course of gravel.
They are carried up of a uniform slope, or with offsets or terraces.
They are carefully rammed at every foot of additional height laid
upon them. Especial care must be taken with the foundation, which
must be carried down to an impermeable stratum with which the
superstructure must be connected, so that the bed of junction may
be perfectly water-tight. When a water-tight substance cannot be
found, a system of piles must be used to insure this most important
point of the reservoir’s efficiency. The depth of the foundations
depends on the nature of the ground, as above explained, and 5, 10,
and 20 feet deep foundations have been executed.

The dyke, in its main features, is shown in Fig. 147, having a
trapezoidal section EK
or FL. AC, is sometimes Fig. 147.
termed the crown of the
dam; it must be well
paved, and generally has
a parapet wall to prevent
the wash of water during
high winds from damag-
ing the crown, or washing
over toinjure the back of
the dam WVE or ME. The
piece KME of the dyke
is termed the middle or
centre piece, and the
pieces ANV H and BMC are termed the wings of the dam. As to
the dimensions of dams, the breast is generally made to slope at the
rate of 1 to 3, and the back at the rate of 1 to 2. The width on

*13
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the top is very various. For high dykes it varies from 10 to 20
feet. A common rule is, to make the width at top equal to the
height, but this only applies to dams of small height. The dyke
should be carried from 3 to 6 feet higher than the highest water

intended to be in the reservoir.
Fig. 148 represents a crosg

Fig. 148. section of a dyke for a reser-
voir. ABCE is the breast-
work of clay carried down
to water-tight substratum,
BGFC i1s the backing of
earth-work, .AE is the paved
fice, the paving being 4 feet
thick at bottom, and 2 feet
at top.

Remark. If 1be the length along the top. and [, the length along the bottom, & the
breadth on top, and b, the breadth at bottom, and it A be the height of a dyke such ag

Fig. 148, the cubic contents of the dam are:
h
V=[164 164 2 (164 L.b,)] =

In applying this formula, it must be borne in wind, that the well.rammed clay does not
occupy quite one-half of that of the earth-work that has not been rammed.

§ 73. Stability of Dykes.—Dykes are exposed to the pressure,
and sometimes, though rarely, to the shock or impetus of water.

They must, therefore, be of proportions that will resist either being
overturned or shoved forward p

Fig. 149. the action of the water. The
conditions under which they resist
being shoved forward have been
examined, Vol. I. § 280 ; and we
shall now consider the question of
stability in reference to dislocation
by rotation. The water acts on
the internal slope or breast 4D
of a dyke, Fig. 149, with a normal
pressure @®FP = P, the point of
application of which is .M is ut the
distance LM = % the depth CK=3
b from the surface of the water

(Vol. I. § 278). For a length of dam=1, P=AD .y . g, v being

the density of the water, or weight of cubic unit. The horizonts]

component of this pressure is: H=h.1.7. -g =} 2’ v, and the

ad

vertical component, (if m be the relative batter, or mhA the absolute

batter DE of the breast,) V=mhk.1.7. g = }mhA®y. The weight
of the piece of the dyke of length =1, acting at the centre of gravity
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S of the trapezoidal section ABCD, is G = (b + ﬂ_}ﬁ h) hy,in

which b = the breadth 2B, and = relative, or n A the absolute batter
or slope of the back of the dyke. From P and G, or from H, V,
and G, there arises a resultant force OR = R, the statical moment
of which CA. R, referred to the corner C, represents the stability
of the dam. If we suppose P, and also H and V, acting in JM, the
statical moment of P = statical moment of H minus statical moment
of V=3 hy . MQ—3imh*y. CQ=3} 1 y(MQ—ml CQ) =1}
hg-y[g}h-—-m(nh+ b+ §mh)],

hence we have the statical moment of G working in a contrary
direction :

=%nk271’§""+bh71(""+§b)+mhzn("’l+b+§mh)
=hn(An R+ nbh+ 3P+ tmakt+3mbdh+ pmt k)

= hy, [(m -|:-32n +mn)§+(n+2)bk+§b’] and, hence,

we have the stability of the dykes:

S=h ([(mg-ang-{- mn)gf+ (n+ )bh—f‘%bg]‘h

—[3h—m(nh+ 0+ 3 mh)] g y). In order now to find the point

X, in which the line of resistance UWX cuts the base CD of the
dyke, we must determine the distance CX of this point from the

edge C, and for this we put: gjﬁ, Ioig V-!R- G; and from this
h?

CN. R s mt 4+ 2
CX: — = -
=y rcT oV ([( 3 +m")2

+ (n+ )bk+%b*]y,+[(—m—_—-l+mn)h+mb]§7)

: ([(’ﬁ%ﬁ h+ b]71+ %mky); or,

[(m"-l- 20"+ 3mn) 4 (2n4-m) . 36443 0] y,H{(2 m*—14- 3mn) h4- 3 mb] ky
3([(m+4n) h+ 2061y, 4+ mhy)

By aid of this formula, other points W in the line of resistance
may be found, if for A different heights of dyke be introduced, or
we may ascertain the stability of any part of the dam bounded by a
horizontal plane.

For a dyke with vertical sides, m = n = o, hence

3 2
_ 38—y _ 16 67l_6__ (Vol. IL § 10). If the inclination

of the breast and back be 1 to 1 or 45°, m = n = 1, therefore,
_s(2r+ Sbh+b’)y,+(4h+3b)h7
3[2(+ Ay, + hy] :

and if 6="h, then awe 150+ T 2 14 if 5 =2 y, then
4y +vy 3
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= 43 k=143 b, or, as in this case the breadth at the base b, =3 b,
orb=3%b,a= 42 b. According to Vauban's practice, there is
ample security when @ = § . .62_1 = % b, (Vol. II, § 11), so that for
the last case there is an excess of stability. All things considered,
it is well in dykes, for great reservoirs, to make a at leastl= 0,4 b,
or the line of resistance should cut the base at {4;ths of the width of
the base from the heel of the dyke.

- Example. Required the line of resistance of a dyke, the batter of inclination of the

breast of which m =1, that of the back n= #%, the breadth on the sumnmit. or crown
being b==10 feet. Assuining that the mass of the dyke has a specifle gravity=2. We

have:
L 2(3K+60h4300) 4 (44 30)h _ 12004 00 h+ 174,
= 3 (3h+ 40+ h) T 24 (104 4) ,
hence forh=0,a=5feet;tbrh=5feet,a=31—2"’= 8,68 feet; for h=— 10 fect,q — 2900
360 480
8929 14000
=——=10,44

= 12,29 feet, for A= 15 feet,a = —___ = 15,37 feet, for h = 20 feet, a =
cee 720

feet, &c. 1f the height of dyke be very great, we may put: a =l;_4b—. and b = § A,

hence %:;g. Asel§ is more than 0,4, such a dam would be safe for an infinite
height.

Remark. According to the formuls b= -

in the example Vol. L § 280, if we
2b

e and, therefore, in our last exan.

put a=mh, then 2 b= (3 —m) h, hence h =

ple, in which m = 1, A =6 =10 feet.

§ T4. Offlet Sluices of Dykes.—Offlet sluices and discharge-pipes,
or culverts, must be provided in the reservoir dyke. The offlet sluice
or regulator, serves for the discharge of any excess of water that
would accumulate in times of extraordinary wet. The discharge-
pipe or culvert, is for supplying the lead or water-course as circuin-
stances require. There may be one or more of each of these acces-
sories in a dyke. For instance, in some dykes an offlet is arranged

at the very lowest level, so that the dam may be completely emptied
when occasion requires, and above

Fiz. 150. this, a second offlet is laid, by which
the water-course is supplicd with
water to be led to the machine that
18 to receive it as power.

The offlet-pipes may be either of
wood or iron, or of stone, or may be
built culverts. Fig. 150, in the mar-
gin, gives a general idea of the ar.
rangement of the drawing-sluice or
disc%)arge-sluice of a dyke. .1 is
the end of the pipe or culvert, on
the face of which is a flat piece of
vwood or iron B, CD is a cast iron
or wooden sluice-board, fitting into
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guides, DE is the sluice-rod, reaching to the surface or top of the
yke, E is a cross piece by which, in the absence of grooves or
guides on the plate on the end of the pipe, the sluice is kept pressed
upon its bed, G is a strong beam having a female screw, through
which the screw GH passes, and the handle or key, H, being turned,
the screw elevates or depresses the sluice-rod, as may be desired,
for opening and shutting the sluice.

The discharge-pipe must have a sectional area, such that the dis-
charge when the water, or rather its Aead, is lowest, may be sufficient
for the supply.of the power required for the machine. If Q be the
quantity of water to be discharged per second, A the given least Aead,
Ithe length, and d the diameter of the discharge-pipe, ¢ the co-efficient
of resistance at entrance, and ¢, the co-efficient for internal friction,

then, according to Vol. L. § 332,
21A+8)d+& 1 4 Qy
d="|¢ L Hj
q 2gh =
or, more simply:

d = 0,4787 :![(1 L0 d+¢, 1 %’

If, therefore, we take ¢ from the table in Vol. I. § 325, and ¢{, from
the table in Vol. I. § 331, we can determine by approximation the
required width of pipe. As the head is higher, a greater part of
the aperture must be closed, so that, according to Vol. I. § 338,
there must be introduced a greater co-efficient of resistance for the
entrance. If the entrance aperture be very small, the water does
not fill the pipe, and, therefore, the calculation is simply referable

to the area of the opening F = Q__, where » is to be taken
rV2gh

from Vol. I. § 325. With table of areas of segments, the calcula-

tions are very simple. The prolongation of the discharge-pipe

through the dyke must be of very substantial cement-built masonry,

and in large dykes should be from 5 to 6 feet high.

Ezample 1. A discharge-pipe of 100 feet long is required to let off 10 cubic feet per
second, when the head is reduced to 1 foot, what mustbe the diameter? Supposing the
inclination of the sluice to be 40° (equal that of the breast of the dyke) then ¢ =0,87;
and the oco-efficient {; corresponding to a velocity of § feete= 0,022, we have d — 4787

J (1,870 d4- 2,2)e 100, and d=1,7 satisfies this equation very nearly. Thus, a dis-
charge pipe of 1,7 , 12 = 20,4 inches would fulfil the required conditions.

Ezample 2. In what position must this sluice-board be placed, in order to discharge
only 10 cubic feet of water per second, when the head is 16 feet? If we assume that
the pipe does not fill in this case, then

Fe= Q = 10 = o = .431 square feet.

.« w2gh 0,731e 802 16 116
g 0,598, and from a

This segment of radius ILJ_ reduced to radius | = 0,431 . AT =

table of areas of segments, we find the height of such a segment to be 5 inches.

§ 75. Water-courses.—The water of the reservoir is conductedtor
led to the point at which it is to be applied, . e., to the machine
through which it i8 to expend its mechanical effect, by canals, water-
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courses, and mill-leads. These channels are generally dug out of
the natural soil, raised upon embankments and aqueducts over the
deeper valleys, and cut as drifts or tunnels through the greater ele-
vations that occur in their course. The bed of the canals are formied
of sand or gravel, on a bottom of clay, or are hand-laid stones, or
concrete formed with cement, and not unfrequently it consists of a
wooden, an iron, or a stone trough. The sides of this canal form
right lines, or its section is a gently curved trapezium, or it is rec-
tangular when it becomes a trough. The section of water-courses
18 from 13} to 3 times as wide as its depth. The slopes of the sides
of the course are generally very slight, or none at all in the case of
masonry set in cement. An inclination of 1in 2 is given to dry
stone sides, an inclination of 1 in 1 in the case of compact earth or
clay, and of 2 to 1 in the case of sand or loose earth. Fig. 151
gives an idea of the construction of a water-course in loose ground,

Fig. 151, Fig. 152.

|

not water tight. Fig. 152 represents the manner of forming gych
a course on the side of a hill, where the earth taken from the cut
13 made the supporting bank on the under side. Fig. 153 shows the

Fig. 153. Fig. 154.

manner in which it is sometimes necessary to construct the embank-

ments for aqueducts.
Fig. 154 18 a section of a walled drift or tunnel, through ground

not considered impermeable to water, and incapable of standing
unsupported. The manner of putting troughs together is indicated
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in the sketches in Fig. 155 for wood, and Fig. 156 for iron, where
the flanges, bolted together, are further made water-tight by what is

Fig. 1586,

termed a rust-joint (a cement composed of sal ammoniac and iron
filings or turnings).

The junction of a water-course with a river /.4, Fig. 157, should
be gradually widened and rounded off, and the head D substantially
finished, so that it may not be injured by freshes, or objects carried
against it in time of floods. Flood-gates or sluices have to be ar-
ranged along the course, if this be of any considerable extent. These
sluices should be made self-acting, that no damage may be done to

Fig. 157. Fig. 158.

]

T
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the banks by even a momentary overflow (the self-acting sluices on
Shaw's water-works, in Scotland, 18 the most notable case of this
self-acting arrangement on record). They act generally by a float
being raised as the water in the channel rises, which float opens a
valve or sluice to discharge the surplus water in convenient localities.
Sometimes a case fills as the water rises, overcomes a counter-
balance, and in its descent opens a valve or sluice, by which the
surplus water ib discharged. The syphon, properly adapted, forms
a simple contrivance, and is shown in Fig. 158, where .4BC is the
syphon with an air-pipe DE. When the water in the water-course
rises to the height of the summit of the syphon, which is the highest
point for safety, the syphon fills with water, and the water 18 drawn
off and discharged at C, the head being CH, the depth of C under
the water surface. \hen the water has sunk to the level of DE,
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the air rushes in and stops the action of the syphon. If the water
does not fill the section BD of the pipe, the discharge is made under

the conditions of a weir.
§ T6. The velocity of the water in a water-course should be neither

too slow, for then the course chokes with weeds; nor too fast, for then
the bed of the channel may be disturbed; and besides, too much fall

must not be lost in the inclination of the course.
A velocity of T to 8 inches per second is necessary to prevent

deposit of slime and growth of weeds, and 1} feet per second is ne-
cessary to prevent deposit of sand. The mazimum velocity of water
in canals depends on the nature of the channel’s bed.

On a slimy bed the velocity should not exceed 2 foot.
4 144

{4 clay ¢ ‘} «
(¥4 Sandy {3 {3 1 ({3
(4 gravelly ({3 ¢« A (4
{3 shingle ({3 ({3 4 «
¢ conglomerate ¢« ¢« o &

({3 ¢ 10 ¢«

‘“ hard stone

This applies to the mean velocity. .
From the assumed mean velocity ¢, and the quantity of water to
be led through the course Q, we have the section F, and hence the

perimeter p of the water section. If we put this in the formuls

- Zli -:.2. 2ﬁ (Vol. L § 367), we get the required inclination

3 of th(;z canal, and hence the fall required for the lead, whose length
=[lis h=8 1l

The inclination may, therefore, be very different according to cir-
cumstances. As, however, { as a mean is 0,007565, and ¢ generally

from 1 to 5 feet, and ?P is something between } and 2, the limits of

the inclinations for the water-course would be
0,007565. ¢ . 1.,0155 = 0,000023, and

0,007565 . 2. 25 .,0155 = 0,00578, .
the courses leading from the machine have a greater fall, that the
machine may be quite clear of back-water. The course leading from

the machine is usually termed the tail-race.

Remark 1. The water-courses for the water wheels and general uses of the Freyber
mining districts, have inclinations varying from 3 = 0,00025 to ¥ = 0,0005, or from 1
inches to 30 inches per mile, the tailraces generally .00l to .002. The Rornan
aqueduct, at Arcueil, near Paris, has an inclination 8=0,000416, or 2 feet per mile
nearly. The New River, which supplies a great part of L.ondon, has an inclination
$=0,00024735. [The Croton aqueduct has ¥ =0,000208, or 1,1 foot; and the Boston
aqueduct 0,00004733, or 3 inches per mile, the same as New River.]—Aw. En.

Remark 2. All sudden changes ot sectional area and of direction are to be avoided,
because these not only occasion loss of fall, but entail other bad effiects in the way of
wear andhtear and deposits. Bends or curves should have as great a radius as possible,
or the sectional area should be increased there. If r be the mean width of the course, and
R the rad:us of curvature, the fall iost by a curve may be calculated, according to Vol, I.

§ 334, by the formula:
o

k =[o,124 3,104 (L)ﬂ 8 &

‘ + R/ J180° 2%

until we have further experiinental data.
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Remark 3. The deposit of slime, sand, and the growth of planss, diminishes the section
of water-courses, and fall is thereby lost. The water-courses must, therefore, be carefully

cleaned out from time to time.

§ 77. Sluices.—The entrance of water into a water-course is
either free, or regulated by a sluice. If the water enter unimpeded
from the weir-dam or reservorr, in which it may be considered to be
8tzll, the surface of the water sinks where the flow commences, and
the depression is proportional to the initial velocity in the water-

course, and therefore = ;, which height must be deducted from

the total fall of the water-course. For moderate velocities of 3 to 4
feet per second, this depression amounts to only 1} to 3 inches.

If the entrance of water into the lead be regulated by a sluice,
two distinct cases may present themselves. Either the water flows
freely through the sluice, or it flows
into and against the water of the
lead. It will generally be found
that the depth of the water in the
lead, is greater than the height of
the sluice-opening, and, therefore,
there occurs a sudden rise S at a
certain distance from the sluice.?C,
Fig. 159. The height BC = z of

this rise is a function of the velo-
city v of the water in the lead, and of the velocity v, of the water

coming up to the sluice, such that
8 3
:;‘ : , and if we deduct this height from that due to the
9 =9
velocity v, or AC=h =

Fig. 159.

T —

2
;_l, then the head causing the initial velo-
g
city vlis: y b 1
2
ﬂB=}lth—x=l—)l——<l—)l— v)v’
29 \29 292
or exactly the same as if the water were discharging freely. As the
sluice-opening is never perfectly smooth, there is, of course, a certain

resistance increasing the head required by 10, or even more, per

cent.
If we put G = the area of the section of the water flowing in the
lead, ang F=the area of the sluice-opening CD, then Gv= Fv,,

and, therefore, the rise
r=la—a,= [1 = (E)2 '”_ns,
G/ 12
2
and substituting forg—l the height due to the velocity or the head

aed

p
AC=h, z = [1 — <g) ] I If the difference z = a — @, of the

F\3* v} :
depth of water a and a, be less than [l — ( _) ]_l, the rise occurs
G/ Jd2g

voL. I1.—14
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further down the lead; but, if it be greater, then the rise occurs
nearer the sluice, till at last the dis-

Fig. 160. charge takes place under back-water,

as shown in Fig. 160. In this case,
the head .4B = /& has not only to pro-
duce the velocity v in the water of
the lead, but also to overcome tle re.
sistance arising from the sudden
change of the velocity », into the velo-
city v of the lcad. 1f we put F= t],q
area of the opening, and G = the area

of the lead, the loss of head occasioned by this transition is:

Fe L"_%;’_)L (g—l)gz"—;,

and hence the fall:
3 G g o3
.aB: h — 1)_ i e—— l) —
29 P (1" 229

henceh = [1 + <g S 1>&];’—g

It 18 obvious that the difference of level of the water before and
behind the sluice, is 8o much the greater, the smaller the sluice-
opening F'in proportion to the section of the water in the lead G.

Erample. A lead of 5 feet mean width, and 3 feet depth, supplies 45 cubic feet per

second. It is fed through a siuice 4 fieet wicle,aud 1 foot openng. Required how myeh

higher the water will stand, before the sluice than behindit. G=0X3 =15 square
3.15

foet. F =4 X 1 =4 square feet; v= $§ =3 feet per seconcl, and v, — —— =

| u
Now as [1 - (f_;) ] %=[| — (441 2,02 = 1,88 feet is less than 6 —a, =3 __;

=2 feet, itis evident that there will not be a free dtacharge. The forniula
9
A= [l —+ ( %‘; —_— l) ] g_‘ gives the diffierence of level required
g

A= (14 2,75°) 0,139 =8,56 x 0,13% = 1,19 feet, which must, however, be jncreased
10 per cent. at least, on account of the resistances at the opening.

§ 78. Pipes, Conduit Pipes.—Pipes are usually employed whep
smaller quantities of water are to be brought to supply machines,
such as the water-pressure engine, and turbines of very high fall.
They have the advantage of much greater pliability than open con-
duits, but their adoption instead of open canals, depends entirely on
local circumstances in the question of relative advantage.

Pipes are made of wood, of pottery, of stone, of glass, iron, lead
&c. Wooden and iron pipes are those most usually employed ip
connection with water-power engines. Wooden Pipes are usually
formed from large trees, because straight pipes of 12 to 20 feet ip
length, and from 1} to 8 inches bore, or internal diameter, may be
got from this timber. The bore is generally 4 of the diameter of
the tree. Wooden pipes are jointed or connected together as shown

in Figs. 161 and 162.
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Fig. 161 is a conical mortice with a binding mng and packing of
hemp, or linen steeped in tar and oil. Fig. 162 is a connection by

means of an iron double spigot going from 1 to 2 inches into the

ends of the two pipes.

Iron pipes are the most durable and most universally employed
of all pipes. They are cast of anK diameter, and have been used
as large as 5 feet bore. The length of each pipe rarely exceeds 12
feet, and is less as the diameter 18 greater. For 3 feet diameter,
they are about 8 feet long each, in England. To prevent internal
oxidation, they are sometimes boiled in oil, sometimes lined with
wood, or with Roman cement. The thickness of metal must be pro-
portional to the pressure they have to bear, and to their diameter,
according to Vol. I. § 283. The jointing of iron pipes is effected
either by flanges and bolts, as shown in Fig. 163, there being an
annular packing between the flanges, or by the spigot and faucet, as
shown in Fig. 164, (which is considered the best and cheapest mode,

Fig. 163. Fig. 164.

IR
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when the packing is properly done with small folding wedges of
hard wood.) A collar, or ring, as shown in Fig. 169, 18 sometimes
used. The packing is either leather, felt, lead,

Fig. 165. iron rust, or wood. The more effectually to
prevent all leakage, there is sometimes a small
internal ring put in (counter-sunk) to cover
the joint. A flexible joint, as shown in Fig.
166, is sometimes necessary (as for crossing a
river, where it 18 necessary to let the pipe rest
on the original bed of the river). Where the pipes are exposed to
changes of temperature, expansion joints, as shown in Fig. 167,

Fig. 168. Fig. 167.
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must be introduced, that the expansion and contraction of each con-
siderable length may not injure the pipes or joints. The expansion
of cast iron is .0000111 of its length, for each degree of centigrade;
and, therefore, for a change of temperature of 50°, or from winter
frost to summer heat, the expansion would be 0,000553. Therefore,
for every 900 feet, there is an expansion and contraction of 6 inches.
This is to be compensated by an arrangement, such as is shown in
our last figure, where the pipe B is movable through the water-tight
stuffing box C. There should be a compensation joint for every
length of 300 feet exposed to a change of temperature.

§ 79. Pipes cannot of course be laid so as to maintain a straight
line; but rise and fall, and turn from right to left in their course.
It is a general maxim to avoid all sudden changes of direction in
laying pipes. All bends should be effected by curved p]i(s)es, of as

great radius as possible, or the bore of the pipe should even be
increased at bends, to avoid loss of vis viva in

Fig. 188. the water. When a pipe bends over an eleva-
tion, as in Fig. 168, there is a disadvantage
arises from the collection of air at L, as this
contracts the section, and would gradually stop
the flow of water. To prevent this accumulation
of air, vertical pipes /2L, called ventilators or
wind pipes, are placed on the summit of the
pipe, through which air, or other gases given off
by the water, can be discharged from time to
time, by means of a cock, to be turned by the
inspector of the pipes. To make these ventilators self-acting, the
arrangement shown in Fig. 169 has been adopted. In this ventilator
the discharge valve V' is connected with a float §
Fig, 169. of tinned iron, which is pressed upwards as long
as it 18 surrounded by water, and thus keeps the
valve shut, but falls or sinks downwards when the
space about it becomes filled with air, and then the
valve is opened to discharge the air. As air col-
lects at the highest points of a conduit pipe, 8o the
sand or slime collects at the lowest points. ‘I'o
remove any deposits of this nature, waste-cocks are
placed at these points, by which the pipe is scoured,
or separate receptacles for the deposits are attached
to the pipes, and these are cleared from time to
time, a8 may be found necessary. The deposit is
favored by the greater section of these receptacles, and sometimes
by the introduction of check or division plates, which still more retard
the flow.

Cocks for flushing the pipes are introduced more or less frequently,
according to the purity of the water, and the rate of flow through
the pipes, and seldont at less intervals than 100 feet. For ascer-
taining the point in the pipe where any obstruction has occurred,

piezometers (Vol. 1. § 344) are very useful.
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For regulating the discharge of water through pipes, cocks and
slides, and valves are used. The effect of these has been shown in
Vol. I. § 340, &c. In order to moderate the effects of the impulse
or shock arising on the sudden closing of a cock, or other valve, it
is useful to have a loaded safety valve, so placed that it will open
outwards when the pressure exceeds a certain limit.

Remark. The most detailed treatise on the subject of conduit pipes, is Geniey's “ Essaz
sur les Moyens de conduire, d'élever, et de distribuer les eaux.” Matthew’s “ Hydrauha,” and
the “ Cinl Engineer and Architect’s Journal” contain much useful information on this sub-
ject. Hagen,* Wasserbawkunst,” Vol. 1. has a chapter on water pipes.

§ 80. The general conditions of motion in conduit pipes have been
already discussed. If & be the fall, and ¢ the length, d the diameter
of the pipe, { the co-efficient of resistance at entrance, ¢, the co-
efficient for friction in the pipe, and &, &c., the co-efficients for
resistances in passing bends, cocks, &c., and if v be the velocity of

discharge, we have:
vﬂ

h=(1+c+§,§+5,+-.)0—,

and if Q be the quantity of water:
!
h—(1+§+§1(—i+§,+--)(‘ '2—9(‘2:-

We see from this, that for carrying a certain quantity of water Q,
so much less fall is requisite, the greater the width of the lead. If
there be two pipes instead of one, the two together having an area
e?ual to the one, and supposing each to take half the whole quantity
0 |

Loy 1

water, the fall necessary is:

b
b= (1+8+5, I ) -
d v} /7 29 (dvi)
lv2 4Qy¢ 1
=(1+C+C1' d +Cs+--)(T>°2—§—*—d4’
8o that in this case the fall is greater, or the head required is greater,
so that it is mechanically better to employ one large pipe, than two
smaller of equal section when united.

Calculations for whole systems of pipes, where there are numerous
subdivisions of branches, become exceedingly complicated. The
case in which water is brought from different sources, and the pipes
ultimately united, is of the same nature.

The general nature of such calculations is as follows. If the sub-
division takes place in a reservoir which has a much greater sectional
area than the main pipe, the water comes there again to rest, or the
whole vis viva is destroyed, and has to be acquired again in the
branch pipes. The same loss of vi¢ viva occurs when several branches
come together in a reservoir, from which one main pipe carries off
their waters. In this case, the calculation reduces itself to a sepa-
rate consideration of each branch and pipe, and requires no further
elucidation. The collecting reservoir should be, if possible, placed
at such levels as will ensure the same mean velocity 1n all the pipes,
in order that the loss of head or of vis viva may be the least possible.

*14
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In the case of a simple subdivision or fork, it is mechanically ad-
vantageous to make such arrangements that the water may move in
all the pipes with the same velocity. If, besides this, the branches
be curved off' properly, so that there is no sudden change of direc-
tion in the passage of the water from the main into the branches, it
may be assumed that there is no loss of head or vis miva. In the
casé sketched in Fig. 170, let & = the head BC, ! the length, and

Fig. 170.

d the diameter of the main pipe, and let A, = the head or fall D, E
!, the length, and d, the diameter of the one branch, and d,= D,E,
l,, and d,, the fall, length, and diameter of the other branch, and
also let ¢, ¢;, ¢;, be the velocities of the water in these three branches,
and, lastly, let { be the co-efficient of resistance for entrance, and ¢
the co-efficient for friction of the water. Then, for the length of
pipes .ACE,, we may putl e
L\ c?

1. F.E,= BC+ D,E)}=h+ k= (;+ Z, a)% o (1 +e d_l) o o
for the length of pipes .ACE,:

9. F.E,= BC+ D,E,=h+ h,= (;4.;1 ;%) gl (1 +;}£) e’

I e ds 29.
But the quantity of water Q = ’_‘41 ¢ of the main pipe, 18 equal to
2
the sum of the quantities Q,= nd’ ¢, and Q, = ¥ % ¢, of the two

branches; and hence we may put:
3. d?ec=d}? e, +dS?c,

By aid of these three equations, three quantities may be deter-
mined. The more usual case is, that of the fall, the length and the
quantity of water being given, the necessary diameter of the pipe is
required. If, then, we assume a certain velocity ¢ in the main, we
get the width of this pipe by the formula:

d= 4—"—?, and we have then only to solve the equations:
. 4 AL NS
29 (h+ k,)_<; ot Ez) e (1 4 ;,(.ii) (;Z%) , and

2 g (h+ /a,)—(c+ i (fi)cﬂ o (1 + c,(-f,S) é%)'.
2 2
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By tranaformatmn we get similar equations for determmmg d, and
d,, a8 in Vol. I § 332 Viz.:

;E’L_,_ [zg(ﬁ+k,)_(c+§d) ]4Q ,and

& Tt o =[2G i=(+05)
we can, therefnre, as in Vol. I. § 332, put:

_ 1+ 4, 1Q,
e

6 hL+4d, ;(4 Qi)”,
2g(h+h)—(s+55)¢

and in order to obtain a first approximation to the values of d, and
d,, we may omit these from the part under the radical. If ¢, and c,
come out to be very different from c, attention must be pand to the
co-efficient {,, being variable, and its value for each of the pipes in-

troduced, and the determination of d, and d, repeated.

Ezample. A system of pipes, to consist of one main and two branches is intended to
carry 15 cubic feet of water per minute by one branch, and 24 cubic feet by the other.
The levels showed that in a length of 1000 feet of main, the fall was 4 feet, the first
branch had a fall of 3 feet in 600 feet length, and the second 1 foot in 200 feet. What
must be the diameters of the pipes respectively? If we suppose a velocity of 2} feet

per second in the main, then its diameter
4Q J L TP PP =0,5754 feete== 6,9 inches. If now (according to

d= [|[— o= o=
wc 60 » PLE
Vol L. § 436), we put the co-efficient of resistance for entrance {=0,505,the co.efficient

of friction (Vol. L. § 435) for velocity c¢=2,5 feet, {; = 0,0253, and as 2 g == 64,4, and
(_)2 = 1,621, we have for the diameter of the branches

5 0,0253 . 600 4 d, "o
, = — 1,621 . (%)
64.4 . 7— (0,505 40,0253 . 1738) . &3

s[ 151844, 0,1013= jléij(—){;d

450,8 — 277,98

0,0253 . 200 +- d, . [506 4 d,

d =J : . 1,621.(38)*= [———= If we first neglect d, and d.

: 322,0 — 277,98 169,7 ; 2
15,18

. 5
under the radical, we get the approXimate values d, = m.g = 0,39 feet, and

g 06 = 0,495 feet. If we now introduce the value on the right-hand side of the

169
: t more accurately d, = * 15,57 = 0,391 feet and
equation,we g€ 1 Tos

d = 5990 0,505 feet. The diameter d, = 0,391 corresponds to a velocity
4 |

169,7
8 2 9
wd, O 391" . w
0,505 orresponds to
4

w. ()005’

— 2,082 feet,

and the diameter dg =

<,

2
64
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and hence we should have more accurately for the first branch pipe , = 00263, and for
the other §, = 0,0270, and hence with the best accuracy which the formula admits

3 . 5
d, = ~{0,0263 . 600 + 0,391 __ Jlﬁ,l?l — 0,394 feet=147 inches, and

1706 1706
s 500
s
dy= 10'0270 UG O = -5_.‘905 =0,511 feet=6,13 inches.
N| 169,7 169,7

CHAPTER IV.
OF VERTICAL WATER WHEELS.

- § 81. Water Power.—Water acts as a moving power, Or moves
machines either by its weight, or by its vis viva, and in the latter
case it may act either by pressure or by ¢mpact. In the action of
water by its weight, it is supported on some surface connected with
the machine, that sinks under the weight; and in the action by its
ve8 viva it comes against a surface yielding to it, in a horizontal
direction generally, which is, in like manner, an integral part of the
machine. If Q be the quantity of water (or Q y the weight of
water) available as power, per second, and %, the fall, or the per-
pendicular height through which the water falls in giving out its
mechanical effect, then the mechanical effect produced is: L= Q.
he= Qhy. If, again, ¢ be the velocity with which the water
comes upon any machine, the mechanical effect produced by its vis

viva, 18:

¢ !
L — b —— .
Qv % = 7; Qv
That water may pass from rest to the velocity ¢, a fall, or height

due to the velocity A =2ﬁ 18 necessary, and, therefore, in the second

instance we may also put L= % Qy. So that the mechanical effect
inherent in water @8 the product of its weight into the height from
which it falls, as in the case of other bodies.

Water sometimes acts by its weight and v¢# vtva simultaneously,
by combining the effects of an acquired velocity ¢, with the fall /
through which it sinks on the machine. In this case, the mechanical

effect produced is again :
S 2
L=Qy.h+ ch_=(h+c—) Q.
29 29

The mechanical effect Pv yielded by a machine is of course
always less than the above available mechanical effect Q% y; be-
cause many losses occur. In the first place, all the water cannot
always be brought to work ; secondly, a part of the fall is generally
lost; thirdly, the water retains a certain amount of vis viva after
having quitted the machine; and, fourthly, there are the passive
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	three different forms, viz: steel­
	Fig. 95. yard with movable ,veight, steel­yard with proportional weights, and steelyard with fixed ,�·eight. 1-'he stcelyt1rd with running,,eight is n, lever ,vith unequa.larms.flB, Fig. 95, on the shorter arm of which C.11, a. scale is sus­peded, and on the longer di­vided arm of ,vhich there is arunning "·eight, which cnn be 
	T
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	brought into equilibriu1n "·ith the body to be wcig11cd QIf l0 be the leverage CO of the 1·unning weight G, when it balances the empty scale, ,ve have forthe statical n1oment with ,vhich the empty sea.le acts X= Gl, butif l,1 the leverage CG, with ,vhich the running weight balances a certain weight Q, ,ve have for its statical momentl: Xn = Gln ; and l1encc, by subtraction, the moment of the weight Q, Xn -X= G (ln -l) = G. OG. If again a= C.11, the leverage of the,,eight, and if b be the distance OG of the 
	. 
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	and therefore the weight Q = b. Hence the v.·eight Q of the body
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	from the point 0. 2 b corresponds to 2 Q, 3 b to 3 Q, &c. And,therefore, the scale OB is to be divided into equal parts, starting from 0. The Wlit of division is obtained by trying what weight Q11 must be put on the scale to balance G, placed at the end B. 
	Then Q" is the number of division, and tberef ore the scale or 
	OB 

	,.
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	unit of division of OB. If, for example, the running weight is at B,
	when Q = 100 lbs., then OB must be divided into 100 equal parts,and, therefore, the unit of the 
	FiJ?. 90. 
	OB
	scale= . If for another 
	100 weight Q, tho weight G hasto be placed at a distance b = 80, to adjust the balance, then = 80 lbs.; and so 
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	In tbe steelyard, Fig. 96, with proportional ,veights, the body to bl' ,vcighed bnngson the shorter, and the stand­ard weights are put on the 
	on.

	longer arm. The ratio 
	CB 

	C.ll 
	• 
	Figure
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	=,! of the arms is generally simple, as \, in which case the balance 
	0

	a
	becomes a decimal balance. If the balance has been brought toadjustment or horizontu.lity by a standard weight, then for the ,vcight 
	Q of the body in the scale, ,vc have Qa = Gb; hence Q=G, and
	b 

	a 
	therefore the weight of the merchandise is found by multiplying the small weight G by a constant nu1nbcr, for instance, 10 in the deci
	-

	mal balance, or if the latter be assumed times as heavyas it really is.
	b

	a
	The steelyard ,rith fixed weigltt, Fig. 97, called the Danish ba­
	.
	lance, has a n1ovable fulcrum C, ( or it is movable on its fulcrum,) which can be placed at any point in the length of the lever, so as to balance the ,veigbts Q hung on one cud, by the constant weight G, :fixe<l at the other. 
	The divisions in this case areunequal, as w·ill appear in the
	following remarkl:
	----

	Rm,ark. In order Lo di\•itle the Danish steelyard, Fig. Ł•S,!lraw thronJ{li its curi1rc of gntvi1y S ttnd irs point tor !-uspensionlJ lwo parallel li11es, ant.I 1,11;3t vtf 011 tltt>ise fron1 S a11d B Pqual d1vi,.ions, and druw fro1n tut-lir:,l pvilll of tlh·ii,iooofthe 011(>.Jiue to tlle poi111e of cli\hlon I, JI, Ill,1V of 1he other parallel straight line. Tlll'se lino,, cut tlte ftXi:S BS of 1he bc.•nm i11 the poi11ts of divi:1irm required. 'flte point of i111erŁec1ion (1) of we line I. I, biM'Cls SH, 11
	horizo111.al
	F"
	ig. 
	98
	•

	this point ;s supportetl Q = "l G, wlien equili•brium is establislaetl similarly, tlie point of divi­sion (3) in tu� line I, Ill, is 3 times a far fron1 S as from B; an1I bence for Q = :1 G. t!Je. ful­crum n1us1 he moved to this point. It is also evi• clt>at tbar by t'llpportin� the points of divi::,ion ½,½, &c., tlil• weiglit Q =½ G, !G, and !lO on, ,vhen the l,ea1n is jn a state of equiliuriuin. We see 
	from tliis tha1 1l1e poiuts of division lie ucarer together fi1r l,eavy weights, and furlhŁr upart forliŁht ,veights, -and tbnt, therefore, the seui:,ibility
	of chi:-hula11ce is very variable. 
	§ 47. Weiglt-bridues.-Compound balanceR consist of t,vo, three,simple levers, and chiefly used a:-i toeig"ing-table.orfor ·wc1gli
	! 
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	weigl,-ortdges for carts, ,fac,ons, animals, &c.
	O
	. 
	•
	.
	1ng grea.t "'e1gh, tl1ey are generally 1,ro11ortzonal ba 
	Ł 
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	-
	be independent of the position of the body on the floor.
	-
	-
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	WEIGII-BRIDGES. 
	Fig. 99 represents a very good kind of weigh-bridge by Schwilgin Strasbourg ( balance d baecule ). This weigh-bridge consists of a 
	ue

	F.ig. 99. 
	Figure
	two-armed lever .11 CB, of a simple single-armed lever ./1C, B, and8, DS, &c. Tho fulcru1n ofthese leYers are C, Can<l DD,. The bridge or floor Wis only par­tially shown, anu only one of the fork-formed levers is visible. The, K, &c., but during the weigh­, &c.,attached to the fork-shaped levers. In order to do this, the support E of the balance JJB is movable up and rlo,vn by means of n pinion an<l rack (not visible in the dra."·ing). The business of ,veighing con­sists in raising the support EC, when the 
	1
	i
	of two fork-like single-armed levers B
	1 
	1
	2
	1 
	1
	bridge usually rests on four bolts K
	1
	2
	ing of any body, it is supporte<l on the fou1· knife-edges S" 8
	2
	lo,vering the bridge on to its bearings K
	1
	2
	-

	tions of the levers are: c; = 2, g..a. = 5, and the arms !B• = 10. 
	C B8
	l 

	If, therefore, the empty balance has been adjusted, the force nt Bor ./1= 2 G, the force at B= 5 times the force in = 10 G, andla"tly, the force in 8 = 10 times that in B1 = 100 G. And, there­fore, ·when equilibrium is established, the ,veight on the floor is 100times that lai<l on the scale at G, and this makes a centesimal scale. 
	1 
	1 
	./1. 

	Another form of ,reigh-bridge such as is conBtructed at Angers, is sho,vn in ]fig. 100. The bridge W of this balance, rests by means of 
	Fig. JOO. 
	Figure
	PORTABLE WEIGll-.BRIDGE. 
	four supports at B, B, &c., on the fork-shaped single-armed levers C, .IJB0, of which the latter is connected with the prolonga­tion C1of the former, by a lever DEF with equal arms. Until the bridge is to be used, it rests on beams 8, 8, but when the load isbrought on, the support LL of the balance .llB is raised (and with it the whole system of levers), by means of a pinion and rack-work,and then so much weight is laid in the scale at G, as is necessary toproduce equilibrium. 
	i
	2
	A
	1
	B
	1 
	i
	2
	2 
	2
	H 

	the weight Q is set upon the bridge W, the 
	B, &c., is always equal to that weight
	2
	.

	sum 
	In ,vhatever manner of the forces at B
	u 

	But the ratio is equal to the ratio 
	0
	2
	./1
	2 

	2
	C
	B
	2-

	arms, and the length of the arm 
	lBl
	C

	DE = 
	l
	b

	length of nrm DF, as n]so C1 H = .It is, therefore, the same in eftcct, whether a part of the "·eight Q is taken up on B, or <lirectly on B; or theconditions of equilibrium of the lever BIJ.are the same, whether the "rhole weight Q act directly on Bor only a part of it in Ban<lthe rest in B, and only transferred bythe levers CB.IJ., EDF and 
	C
	1
	/J1
	• 
	2
	1 
	C
	1 
	1
	.
	1 
	u 
	P 
	2
	2
	2
	2

	H to 0B.IJ.• If, further, be the ratio of the arms Ł; of the 
	C
	1-
	1 
	1
	1
	; 

	upper balance, the force on the connecting rod B.IJ.= ; . G, and 
	1 

	hence the weight on the floor supposed previously adjusted, is : 
	i J o J o o 
	a a
	Q 

	Q • G• eneray = Ł = , ence, = , and the
	a1 
	a 
	G
	11
	b 
	1 
	h
	B 
	1 

	b 
	= 
	6
	1 

	balance is centesimal. 
	§ 48. Portable Weigh-bridge. -In factories and warehouses, various forms and dimensions of weighing-tables, after the design of that of Quintenz, are used. This balance, which is represented in Fig. 101, consists of three levers .IJCD, EF, and HK. On the first lever hangs the scale-pan G, for the weights, and two rods DE and BH. 
	FiŁ. 101. 
	Figure
	10* 
	114 
	PORTABLE WEIGH-BRIDGE. 
	The rod DE carries the lever turning on the fixed point F, and thesecond rod carries the lever the fulcrum of which rests upon the lever EF. In order to provide a safe position for the two latter levers, they are made fork-shaped, and the axes F and K on which they turn, are formed by the two knife-edges. On the lever HK,the trapezoidal floor ML is placed to receive the loads to be weighed, and it is provided with a back-board MN, which protects the more delicate parts of the balance from injury. Before and
	BH 
	HK, 
	balance 
	balance 

	In this, as in other weigh-brides, it is necessary that its indica­tions be independent of the manner in which the goods are placedupon the table or floor. That this condition may be satisfied, it is 
	g

	necessary that the ratio !: of the arms of the lever EKF, be equal 
	to the ratio of the arms of the balance beam .IJD. A part X of 
	CD 
	CB 

	the weight Q the floor is transferred by the connecting rod BH to the balance beam .IJH, and acts on this with the statical moment, X; another part goes through K to the lever EF, and acts at Ewith the force :; • But this force goes by means of the rod to to act on the balance beam. The part therefore, acts with the statical moment, CD. . and at B with the force 
	on 
	CB 
	Y, 
	•
	Y. 
	DE 
	D 
	Y, 
	KF 
	Y., 

	El,
	CD KF 
	• Yon the balance beam .IJDThat the equilibrium of 
	.
	• 
	CB 
	EF

	the balance beam may not depend on either or alone, but on the sum of them Q X+ Y, it is requisite that Yshould act on the point B, exactly as if it were applied there directly, or that: 
	X 
	Y 
	== 

	CD KF CD KF CD EF
	1, therefore, . 
	CB 
	• EF 
	• 
	Y== 
	Y, 
	.
	1. 
	e
	. 
	CB 
	• 
	EF 
	== 
	CB 
	-
	KF
	If 

	1!e denote the arms C.11 and CB by a and b, we havere as in thesimple balance Q, and, therefore, the weight
	e h
	= 
	b

	Q-G, for example,a= 10 G, if the length is=-u of 
	Ga 
	-( X + 
	Y) 
	b 
	required 
	; 
	CB 
	1
	1

	.C.11. Such a balance is tested by laying a certain weight on different parts of the floor, particularly the ends, to ascertain whether it 
	INDEX BAL.AŁCES. 
	everywhere equilibrates the weight G:times smaller than itself, 
	placed on the scale. 
	Remark 1. Messrs. George, at Paris, manufacture weighing-tables of a peculiar t'On• stroction described in 1hee" Bulletin cle ht Socie1e d'Eucouragement, April, 1844-.'' This balance has only one suspeut.liog rod BD, fig. 102; l,u1 to provide against lbe floor FM 
	Fig. 102. 
	Figure
	turning, there are t\vo knife-edge axes on the back, which are united with two pAir of knife-edges Hand K, by four parallel rods EH and F K. According to the theory of couples, the reosion , on the rod BD is equal to a ,veight Q lnid on the floor; but be­sides this, the floor itself acts outwards with a force P in E, and with an oppo:'ite force -P in F inwards. Ifdbe the distance DL of the ,veight Q fmrn tl.u• rod BD, and e 1.be <listance of tne knife edges E and F, then e P =d , and, therefore, each horizo
	Q
	Q

	P= . These forces Jo not influence the lever, and therefore tlle weight = G, 
	d 
	e 
	Q
	Q 
	b 
	a 

	if, as hitherto, a and b denote the lever arms ('./J. and CB, and G the weight in the scale. 
	II Allg:emeinen Maschinen En­cyclopa<lie, Bd. 2, Art. Brucke,nvaagen," under the arL « Weighing Machine, in the En­cyclo. Britannica Eclinensis." 
	Remark 2. Weigh bridges are treated of in detail in tbe 

	§ 49. Index Balances, or Bent Lever Balances.-The bent lever balance is an unequal-armed lever A.CB, Fig. 103, which shows the weight Q of a, body hung on to it at B, by an index 0.11 moving over asea.le DE, the weight G of the index head being constant. To deter­mine the theory of this balance, let us first ta.kc the simple case, in which the axis of the pointer passes through the point of suspension 
	,vhen the empty balance is in equilibriu
	m,

	i.le. its centre of gravity Svertically under the centre of motion l',let the index stand in the position CD0, and let the point of susen­sion be in B• If now we adu a weight Q, then Bcomes to B, and
	0 
	p

	00
	D0 to D, and 80 to S, and thus the ,veight Q acts with the leverage CK, and the weight G of the empty balance, 1\'ith the leverage CH.Therefore, for the new state of equilibrium Q CKB= G 
	C
	H. 
	If 

	'" 
	. and SC,
	. and SC,
	H

	now D0N ft1lls perpendicularly on CD, ,ve Lnve CD0.N
	• 


	CH 
	0and as besiues, two similar triangles andtherefore 
	-
	D
	.
	f\f, 
	' 
	, 

	' CS -l1D
	0 

	SPillNtl B .. .\LANCES. 
	the triangles DPNanw CBK are similar, we have 
	0
	also 
	g1
	= 
	Ł
	0
	1;, 

	Fig. 103. 
	Fig. 
	104. 

	Figure
	and hence: 
	. CBB. DJ'-t _hC8B. D.N' . CS DP. 
	Q
	0
	0
	0

	_ G • ----'--' 1. e Q or, if·.
	P CDCB CD
	D
	., 
	O 
	= 
	. 
	o 
	' 

	X
	a 

	CS = a, CB= b, CD=CD= d, and DP= x, Q= -. -· There-
	0 
	0 

	b d 
	fore the weight Q increases ,vith the portion DP= :r, cut off by the
	0
	index from the ve1·ticu.l DL, and therefore DL may be ilivided as a scale of equal parts. If a point Pon the scale has been found for a knovm weight put on the balance, other points of division are got bydividing DP into equal parts. If the index centre line of the CD
	0
	0 
	0

	0
	does not pass through the point of suspension, but has another di­rection CE, the scale of equal parts corresponding to it, is found, if "·e place the right-angled triangle CDL as CE.Af or CE, and lastly, in order to get the circular scale ER, we have to draw rn.<lii from the centre O through the points of diviston of the line E.ll to 
	0
	0
	0
	0
	0

	0
	the periphery of the circle passed over by the poiut of the index. 
	Rmrark. Tbere are other index balances described in Lardner's and Kater's Mechanic's. 1 ant.I such like manufi1c1ure8, where samples have fregu_ently to be Łvcigl.ie<l. 
	Sul'h balances are chiefly used for weighing lencrs and paper, Ll11ead

	§ 50. 8rin.-balances or JJynaniorneters. -Spring-balances a.reof hardened steel springs, upon which the ,vcights or forces act, :t,nd are furnished with pointers, indicating on a scale the force 
	p
	g
	made 

	_
	applied 1n deflecting the spring. The springs must be perfectly or they must resume their oricrinal form on removal of the1'hus spring-balances should never be strained be­point proportional to their strength; for if we surpasstheir elasticity in any application of them, tl1ey are 
	tempered, 
	force applicŁ. 
	yond 
	.a 
	Łerta1n 
	the 
	l1m1ts 
	of 

	SPRING BALANCES. 
	afterwards useless a.s accurate measures of weight. The springs applied for such balances are of many 
	Fig. 105. 

	_
	different forms. Sometimes they are wound spirally on cylinders, and enclosed in a cylindrical case, so as to indicate the forces applied in the direction of �xes of the cylinder by the compression or ex­tension of the spiral. In other balances the spring forms an open ring .flBDEC, Fig. 105, and the index 1s attached by a. hinge to the end C, and passed through an opening in the end If the ring B beheld fast, and a force P applied at E, the ends .fl. andl-r separate in the direction of the force applied, a
	the 
	.fl.. 

	weights, the roa.gnitude of any force P applied, though previously unknown, is indicated by the pointer. 
	Fig. 106 is a representation of Regnier's dynamometer. .fl.BCD is a, steel spring forming a closed ring, which may either be dra"·n out by forces P and P, 
	Fig. 106. 
	or pressed together byOB and D; DEGis .B a sector connected with the spring, on "·hlch there are two scales ; p MG is a double index turninon a centre at and EOF is a bent lever, turning on O,andwhich is acted uponby a rod BE, when thepa1·ts B and D of thespring approach eachother in consequence 
	H
	g 
	.M, 

	of the application of weights or other forces as above mentioned. That the index may remain whe1·e the force has put it, for more con­venient reading, a friction leather is put on the under side. 
	The most perfect, and most easily applied dyna.mometer for me­chanical purposes, is that described by �Iorin, in his Treatise,"lDescription des Appareils chronometriques a style, et des Appareils dynamometriques, J\Ietz, 1838," and used by him in his various re­searches on friction and other important mechanical inquiries.Morin's dynamometer consists of two equal steel springs .llB and G_D,Fig. 107, of from 10 to 20 inches in length, and the force applied
	_
	ismeasured bythe separa,tion which it produces between the t,\"o springplates at M. In order to determine the force, for examJ?le, tho force on a carriage, the spring plate N a bolt with the carria,ge, and the horses are attached chain 
	of tractio
	n of 
	horses 
	is 
	connectŁd 
	by 
	to 
	the 

	D 
	C' .P 
	Figure
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	SPRING BALANCES • 
	convenient manner. There is a, pointer on .'Af ,\·hich 
	.AI 
	in 
	any 
	indi
	-


	cates on a. scale attached 
	to 

	Fig. 101. .J\ Ł the separation of the plate
	s

	produced by the force P ap­plied. If the springs be platoof uniform breadth and thick­ness, and be l = the length, b= the brc:icltb, and Itt= thothickncs. ; 1tccor<ling to Vo1. 
	s

	I. § 1DO, ,vc have for thecleilexion corrcspon<ling to a force P: 
	Pl
	Pl
	3 
	Pl
	3 

	or
	or
	-:lg JVE t E1,a ' 
	a 
	= 
	= 
	b


	the dcflexion increases a.s the
	force npplictl, n u<l, therefore, a scale of t•quc1l parts should ans,ver in this 1lynan1ometcr. 
	1\s the dcficxion s of t,\'Osprings is c:illccl into ar.tion tltc ntnount is <loublc of tbnt of one of them, or it 
	is 

	Pl
	Pl
	3 

	= ½ __ , and, therefor
	e

	' 
	Eb lt
	3 

	generally s = if> P, if cp be a number <lctcrmincd by direct cxpcri
	1
	1 
	-

	b
	b
	Ji
	3 

	ment. If, before application of such an instrument, n. known ,reight or force be put upon it, and the deflcxion s ascertained, the ratiobet,veen force and <leflexion may be culculate<l, and a scale preparc<.LIt has been proved by experience that vrhcn the best steel is u e<l, the deflexion mny amount to the length, ,vithout st1rpassing thelin1its for which proportionality between force an<l •leflcxion subsists.
	1
	1
	0 

	Łrhe springs that have been employed by Morin and others are ma<leinto the form of beams of equal resitance througl1out their length01· thicker in the centre than at the ends. 
	s
	(Vol. I. § 204), and have, therefore, a parabolic form, 

	Remark. Forces do not generally act uniformly, bnt are continually changing, nod therefore lhe usual object is to ascertain the ,man tffort. The u�ual iut.lex dynamomo­ters ouly give the force as h has acted at some pHrtic11lar insrnnt, or only 1lie ma.:rim1'1u tffurt. There is, therefore, ext rt-me uncertainry in 1be indication of such dynnn1on1e1ers, 1r1odified as tl1ey have been by M·Neill and otl1ers, wl.Jen applied to n1t>a�11rin� rile etfc1n applieJ to ploughing, canal Lrac-1ion, &o. J\1orin ha:3 comp
	of 
	horses 
	tliiŁ 
	Jefecr, 
	Ł
	. 

	_
	Łpassed over is registered in tl1e form of a curved Ii11e, d rn w11 ou pnpt-r,d Ill the.other cast, the force ad applied at each insltlnt is ;;11n1u1Łd up ur i11tPgrated by_machine Both apparatuses ,:tive Lbe produut of the force i11to the diŁ1a11ce delictl, anci, therefore, the mean effort may be produced whe11 tlic tuuhanicul 1Ject 
	P0111
	ol 
	a 
	tlisUtucŁ 
	an
	a 
	-
	is

	8:_e.passed over-by a canal boat. for example.
	n
	dJv1d.-d uy 
	di,..rance 

	ln the dy11a1no111ewr ·with pe11cil and co1ti1111ou!l s1•roll "f pŁpc•r, tl,e meas11rP of tlteforce js marked L,y a pencil pns:;ing 1hrough M, Lill h!, p<.1i111 ll1ud1e:. n Łcroll of (11\jlt:r 
	1

	FRICTION DRAKE. 
	Figure
	pasi;ing unc.Jer it. This scroll is \VOanJ fro1n the roller E, (Fig. 107,) to the roller F, wbich is set in niotion by bands or wheet-,vork, by the wheels of the carriage itself. Wben no force a<'ts on the sprinl!s, the pencil would rnark a stmiglH line on the paper.supposing it set in motion; but by applit.ntioo of a force P, the springs are defl•eteil, and therefore a line more or less tortnons is clrawn uy the pencil at a variable di:,tance frnn1 the above alluded to zero li11c, b11t an the 1,vhole panll
	,

	§ 51 . .Friction Brake.-Tbe dyna.mometrical brake (Fr. frein cl­
	y 

	?iamonietriqu,e de lJ,L Prony), is used to measure the po,ver a.ppliecl
	to, and mechanical effect protluced by a revolving shaft, or other 
	revolving part of a machine. In its simplest form, this instrument 
	consists of a beam .lJ.B, Fig. 10 , "'ith a balance scale .IJ G; and of 
	t,vo ,vooden segments D and E, ,vhich can be tightened on the 
	F

	revolving axis C, by means of screw-bolts EH and FK. To mea­
	sure, by means of this arrangement, the po,ver of the axis C for a 
	given number of revo]utions, ,veights are laid in the scale, :ind the 
	scre,v-bolts dra,vn up until 
	the shaft makes the given 
	Fig. 10s. 

	number ofrevolutions, and the beam maintains a ho­rizontal position, without support or check from the blocks L or R. In these circumstances the ,v hole mechanical effect expend­ed is consumed in over­
	coming the friction between the shaft and the "-ooclen segments, an,l this mechanical effect is equal to the ,vork or useful effect of the revolving shaft. As, again, the beam hangs freely, it is only the friction F acting in the direction of the revolution that counter­balances the weight at G,and this friction may be deduced from the weights. If we put the lever CM of the ,veight G referred to the axis of the shaft = a, the statical moment of the weight, and there­fore also tlle moment of the friction, or
	a 

	If, again, tt = the number of revolutions of the shaft per minute,
	2 " u n u . n ua 
	G

	= = , and, therefore, the work require d L = .
	th
	en E 
	Figure
	30

	60 
	30 

	The weight G must of course include, not only the weight in the scal�s, but the weiht of the apparatus reduced to the pint of sus­. To do this, the apparatus is placed upon a kn1fe-edg� at JJ, and a. cord from .IJ attached to a balance would give the weightrequired.
	Ł
	Ł
	pension

	as represented in Fig. 109, with Łfriction DEF is a convenient form of this sring is fastened by three .sized shaft that will 
	The 
	friction 
	brake 
	a 
	cast iro
	ring 
	instrum
	ent. 
	Th1
	pairs 
	of 
	screws on 
	any

	Figure
	120 
	FRICTION BRAKE. 
	pass through the ring. substitutc<l, embracing half the cirounferonco of the iron ring. The bantl 
	For 
	the wooden 
	segment 
	an u·on 
	band 
	is
	1
	-

	Fig. 100. 

	ends in two bolts passing through thebeam AB, and may be tightened at will by means of scre,v nuts at Hand K.
	Figure
	l( 
	L 
	.1{. 

	To hinder the firing of the ,vood, orexcessh·e heating of tho iron, ,vater iscontinually supplie<l through a. smallhole L. This npparatua is kno,vn inGermany as '' Egen's Friction Brake." 
	Exa111J)lt. To determine the mechanical effect produced bya water wheel, a friction hroke ,,,as plnC'ed 011 the shan, ond ,vhen the v.·ater let on hnd been perfectly rrgt1lotfor six reYolutions 11er minute, the w·eigl1t G including the rci:.luoetl ,veight Clf the n1ent was 530 lbs., the ]overage of this weight was a = 10,!j feet. From these qimnti•tie.s \Ve de<luce the effect given off by tho wuter ,vhecl to have l>cen:
	cu
	instru­

	6 
	6 
	·

	L = 'fr • l. 530 = 3497 ft. lbs.h= 6,3 horse po,ver.
	0,
	5 

	30 
	§ 52. In more recent cases, various forms of friction brake havebeen atlopted, some of them very complicated. The simplest we
	know of is that of Armstrong 
	Fig. 110. shown in Fig. 110. This con:
	sists of an iron ring, which istightened round the shaft bya s01·ew at B, and of a. lever ADE with a scale for weight G on one side, and a fork­shaped piece at the other,vhich fits into snuggs project:a,
	ing from the ring. There is 

	prolongation of one prong of the fork, by ·which the weight of theinstrument itself can be counterbalanced, and ,vhioh is otherwise con­venient in the application of the instrument.
	Na,,ier proposed a mode of determining the effect given off at circumferenee of a shaft by laying an iron band round the shaftattaching the one end of this to a spring balance, the other end beingweighted, so that the friction on the wheel causes a resistance, inover.coming which only the required number of revolutions takeplace. The difference of this weight Q and that indicated by thospring balance P, is of course = the friction Fbetween the shaftan<l the band. If then p be the circumference of the shaft,
	tho
	,

	= L = (Q )
	F 
	up 
	up 
	-
	P

	60
	60 
	--

	1V? a spring balance cannot be obtained, a simple band, as1Ł Fig. 111, is sufficient for the purpose, if the experiment beand the end B be fastened to an upright fixture first on thŁ one siŁe and then on the other of the shaft. In this wayone expenment gives us Q = P + F, and in the other Q = P, 
	he
	shown 
	made twice, 
	or other 

	• 
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	Figure
	because in the one case, the friction F acting in the direction of 
	the revolution of the shaft,
	counteracts the weight 
	FiŁ. 111
	. 

	hanging in the sc3,Je on 
	the end and in the other 
	.fl., 

	it acts with this friction. 
	For this arrangement, used 
	by the author in many ex­
	periments> the mode of cal­
	culation already explained
	applies precisely. As the 
	power has only a small
	leverage in this arrangc­
	men t, it is only suitable for 
	cases in which the effort
	exerted is small. The strain on the band may be multiplied by means
	of an unequal-armed lever attached at A, instead of the direct appli­
	cation of the weight in the scale. The author has successfully applied
	a leverage of 10 to 1 in this way. In order to a:void the objectionable 
	increase of friction of the axle or grrdgeons induced by this appa­
	ratus, the band may be ma.de to pass round the shaft, carrying the 
	one end upwards and the other down. 
	Re-ma,·k. EŁen treats of the different forms of dyna1nometers in bis ,vork, entilled 11 Untersucllungen fiber den Effect einjger Wasserwerke, &c.," and Blisse, in article Bremsdynamo,neter in the "Allgemeinen l\laschinenencyclopadie.'· Jaines White, of I Traite elementaire des Machines, p. 4 60." Prony's original paper is in tlie "A 11nalŁ ties l\t:ine$, 18213. There are ren1arks on its use in the ·writings Clf Poncelct and :r.torin, worthy attention. W. G. Armstrong's paper is in the "l\techanic's l\lagazi
	Ma.nchester, invented the friction brake in 1S08. See Hachette 
	I

	CHAPTER II. 
	OF ANIMAL PO'\VEB, AND ITS RECIPIENT MACHINES. 
	§ 53. Tlte Power of .A:nbnals.-The wo1·king power of anima1s is,of course, not only clifferent for individuals of different species, butfor animnJs of the same species. Tho work done by animals of the same species depends on their ra.ce, a.ge, temper, and management, as well as on the food they get, and their keeping generally, andalso on the nature of the work to which they are applied, or the manner putting them to their ,vork, &c. We cannot discuss thesedifferent here, but for each kind of animal employe
	of 
	points 
	by
	man, 
	wetshalŁ 
	aŁsuŁŁ as 
	l
	that the 

	.
	animal 1s Jt1d1c1ously applied been used to perform,and that its food is suitable. Bcapabilities of ani­mals depend also on the effort xe1·on their speed, and 
	to work 
	it 
	has 
	ut the 
	working 
	they 
	e
	t
	1 
	and 
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	on the time during which they continue to work. There is a certaimean effort, speed, and length of shift for which the 1cork done is amaximum. The greater the effort an animal has to exert, the lessthe velocity with which it can move, and vice versd. And there is u. maximum eff'ort when the speed is reduced to nothing, and when,therefore, the work done is nothing. It is evident, therefore, thatanimal powers should work with only a certain velocity, exerting acertain mean effort, in order to get the maximum 
	n 
	­

	The main point to be attended to in respect to animal powers is the day's work." If this be compared with the daily cost of main­taining the animals, and interest on capital invested, we have a mea­sure of the value of different animal powers. § 54. The manner and means of employing the power of men and
	" 

	animals is very different. Animal powers produce their effects either 
	with or without the intervention of machines. For the different 
	means of employing labor, the degree of fatigue induced is not pro­
	portional to the work done. Many operations fatigue more than
	others; or what amounts to the same thing, the mechanical effect 
	produced is much smaller in some modes of applying labor than in
	others. Again, all labor cannot he measured by the same standard 
	as is involved in our definition of mechanical effect. The work done
	in the transport of burdens on a horizontal road cannot be referred 
	to the same standard as the raising of a weight is ref erred to. 
	Ac­

	cording to the notions we have acquired hitherto, the mechanical 
	effect produced in the transport of burdens on a horizontal road is 
	nothing, because there is no space described in the direction of the
	force (Vol. I. § 80) exerted, that is, at right angles to the road; 
	whilst in drawing or lifting up a ·weight, the work done, or mechani­
	cal effect produced, is determined by the product of the weight into
	the distance through which it has been raised. It is true, that
	walking or carrying fatigues as much as lifting does, i. e. the "day's 
	work" is consumed by the one as by the other kind of ]abor; and,
	therefore, a certain day's work is attributable to the one as there is
	the ?ther, although they are essentially dift'erent in their nature.
	to 

	to experience, a man can walk, unburdened, for ten
	According 

	a day at 4f feet per second (something under 3½ miles per
	hours 

	assume his weight at 140 lbs. we get as the day's
	hour). 
	If 
	we 

	labor 140 • 4,75 • 10 . 60 . 60 =-23,940000 ft. lbs. If a man carry a load of 85½ lbs. on his shoulders, he can walk 
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	for 7 hours daily with a speed of 2,4 feet per second, and, there­fore, produces daily the quantity of work = 85,5 . 2,4 • 7 . 60 . 60 = 5',171000 ft. lbs., neglecting his 010n weight.
	A horse will carry 256 lbs. for 10 hours daily, walking 3½ feet per second, so that its day's work amounts to 256 • 3,5 . 10 . 60 • GO= 32'256000 ft. lbs, or more than 6 times as much as a mandoing the same kind of work. If the horse carries only 171 lbs. onhis ha.ck, he will trot at 7 feet per second for 7 hours daily, and the work done in this case is only 171 . 7 • 7 . GO • 60 = 30'164400 ft.lbs. daily.
	.

	The amounts of work done in raising burdens is much smaller,for in this case mechanical effect, according to our definition, is produced, or the sace u described in tlte direction of tlte effort exerted.
	p

	If a man, unburdened, ascend a. flight of steps, then, for a day'swo1·k of 8 hours, the velocity measured in the vertical direction is 0,48 feet per second; therefore, the amount of work done daily= 140 . 0,48 . 8 • 60 . 60 = 1'985000 ft. lbs. It thus appears that a man can go over 12½ times the space horizontally that he can ver­tically.
	In constructing a reservoir dam, the author observed that 4 practised men, raised a dolly, Fig. 112, ,veigh-ing 120 lbs., 4 feet high 84 times per minute, and after a sell of 260 seconds, rested 260 seconds; so that, on the whole, there were only 5 hours work in the day.From this it appears that the day's work of a man 
	Fig. 112. 
	p

	Figure
	Remark 1. In theeIngeoieur,1 there is detailed information on the ,vork done by ani­mal power. In lhe sequel, the effect pro<lucec.l by animals by aid of machines is given for each. machine re;;pectively. 
	« 
	1

	Remark 2. The effect produced by men and animals is far from being accurately ascertained. Tue effect produced by n'len working under disadvantageous circumstances, or by unpracticed labor�rs, is not oue-half of that produced by \vell-trained hanus. Cou­lomb, in his "Tbeorie des Machines simples,"' first enterecJ oo investigations of the effecr of animal powers. Desaguiliers ("Cours de Physique experin1entale,") and Schulze ("Abb.andluogeu der Berliner Akaderrue,") bad previously occupied themselves \\'ith 
	See Hachette, « Traite elementaire. &c.," 1\.lori
	"Transactions of the Institution of Civil E
	, 

	§ 55. Formulas.-Effort and velocity have a very close depend­ence in the application of anim�l power; but the law of their de­pendence is by no means known, a.nd is still less deducible apriori.The following empirical formulas, given by Euler and Bouguer, are only 1 be the maximum effort which an animal can exert without velocity, and cthe greatestvelocity it can give itself when unimpeded by the necessity of ex­traneous effort, we have for any other velocity and effort: 
	to be considered as approximations. If K
	1 

	according to Bouguer : P = 1 -;) Ku
	(

	1
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	ac:orJing to EulerB: P=Bt-ŁK, 
	(
	)
	1

	C2 
	I

	" 
	" 
	Euler: P= (1 -Ł)!{1• 
	2


	The first of these jg the most simple, and that which, according toGerstner, corresponds best with observation. According to Schulzc's obserYations, on the other hand, the last formula appears to ho most consistent ,vith experiment. If ,vo dra,v v as abscissa, and asordinates to a cur\·e, the first formula. corresponds to a straight line ..IJB, Fig. 113, tJ1e second ,vith a concave parabolic curve .flP,B, nndthe third with a convex parabolic curve .llPB, and the ordinatesJtfPof the straight line ul,vnys lie
	P 
	3
	1 
	3 
	½ 
	1 
	1 
	½ 

	=
	.JtfPf, K =t 0.11, and .JtfP= ¼ K= tO.R. 
	2 
	3 

	The formula of Bougucr, therefore, gives values of the effo1·t ,vhich lie bet"·ecn the values givenby the two formulas of Euler ; and ,re may, therefore, make use of Bouguer's formula until some specinl reason for adopting Euler's for­mula. be adduced. If ,ve introduce into Bou­guer 's formula, instead of the maximum valuesKancl c1' the hnlvcs of tht'se, or their mean values I(= ½ K1• and c =½ Ci, ,ve get a formula first applied by
	Fig. 
	113. 
	1 

	Figure
	Gerstner : 
	P =2 K, or P= 2-;)x, 
	(1-
	;
	)
	(

	c
	and inversely, v = (2 -;)c. Although this formuia can be but 
	little depended upon as accurate for extreme values of v and P, yetit may be presumed, that for values not very different from the mean, they are sufficiently near for practical uses. 1'he mechanicaleffect produced per second would follo,v from this: 
	Pv (2 -;As 2-;v =(2 cv) v :,
	= 
	) 
	(
	)
	K 
	-

	K. 
	v 

	the mechanical effect is a maximum, as in Vol. I. § 386, when v=c, or when P=K, or when the velocity and effort are meu.n values,
	i. e., Pv = Kc. If we try to get a greater or less velocity, or a greater or less effort, we get an effect =Pu less 
	L

	than Kc. If we set off the velocities ns abscisses, 
	Fig. 
	114. 

	and the amounts of mechanical effect produced nsordinn,tes, ,ve get as the projected curve a para­bola .llDB, Fig. 114 ; and it is evident that notonly for abscissa. ./JA[ < .llC, but also for .ll.Jt,1>BC, the ordinates MP, .ll½P, are less than for 
	Figure
	i 
	i

	the abscissa. .llC =c. For v=Ł, as also for u =1 
	.,
	c, it follows from the above that L = t Kc= ! CD . 
	• 
	,voRK DONE BY AID OF MACHI:SES. 
	to Gerstner, the following table represents the of animals applied properly to draw by traces. 
	According 
	draught

	Mean ef. Mean spee<lel Mean period Effect pro-
	Mean ef. Mean spee<lel Mean period Effect pro-
	Mean ef. Mean spee<lel Mean period Effect pro-
	Daily effect

	Animals. 

	Weight. 
	fort Kin c in feet per of day's work. duced p. sec. 
	feet lbs. 
	Jbs. second. Hours. in ft. lbs. 
	! 1\-lan • 
	! 1\-lan • 
	! 1\-lan • 
	! 1\-lan • 
	-

	2'160000 

	150 30 

	2,5 8 75 
	, 


	13'824000Horse 
	4 8 480
	4 8 480
	4 8 480
	120

	600 

	8'640000
	300
	Ox . .• 
	600 
	120 
	2,5 
	3,5 
	8 
	f/184000 
	10'080000
	360 
	8 
	180
	Ass 
	72
	. 
	100
	Mule . 
	:;oo 
	8 350 
	Exampk 1. Accordin1t to the above table, a man working with an effort of 30 lb!'., and mean velocity of 2½ feet per second, produces in a day an arnount of mechanical effect represented by 2' 160000 feet lbs. If he be urged to ,vork at 3 feet per second, 
	tJ1e effort will be reduced to P= (2 -2-) 30 =24 lbs., and bis daily effect would 
	2,5
	only be 24 . 3. 8 . 60 . 60 =2'073600 feet lbs
	,

	Examplt 2. If a horse bobliged to draw with an effort of 150 lbs., it can only be 
	e 

	<lone with a velocity v = ) 4 = 3 feet per second, and thus his effective 120 work is reduced to only 3 . 150 =450 feet lbs. per eeoon<l. 
	(2 
	-
	150

	Remark. Fourier, in the ..in..ak, de, Pont, et Chausseu, 1836, gives a complicated for• mula for the eff'ect produced by horses. See also Crelle 's Journal der Baukwt11t, Be.nd xii. 1838. 
	§ 56. Work done by id of .Mchines.-!£ we follow Gerstner's notion, that the period or time of each shift, or day's work, has the same influence on the amount of work done as the velocity, we must then put for the effi>rt: 
	a
	a


	P= (2-;) (2 -;)x,
	P= (2-;) (2 -;)x,
	and from this we get the daily effect produced: 
	L = (2 -: ) ( 2 -;)Kv z. 
	There can be no doubt that the effect produced is a maximum,that is= Kc t, when the animal is made to work, not only with a mean velocity and effort, btit also when the time of work is keptwithin the mean for this. It is to be kept in mind, however, thatthis formula. only applies when the values of v, z, and P do notdiffer widely from c, t, and 
	K.

	M. 1\faschek, of Prague, recommends the expression: 
	(3-:-;)
	P=
	K, 

	"·hich is certainly more convenient for calculation.* Eight to ten hours per day is a good average day's work, and, 
	therefore, the factor _ be neglected, or the 
	(
	2
	Ł) 
	may 
	generally 

	days effect may be written L-2_v z. If, however, an 
	'
	(
	:) 
	K 

	• Neue Theorie clemenschlichen und tierischeKrŁ, &c., von F.J. Maschek, Prag. 
	r 
	h
	n 

	1* 
	1

	That this effect may be the greatest possible (see previous para
	-
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	animal be applied to a machine, its effort P would be divided into an effort Pfor doing the work, and an effort Pfor overcoming pre­judicial resistances, or P = P+ P, both resistances being reduced tothe point of application of the effort. It is also usual, as we shalllearn in the sequel, to find the prejudicial resistances P, composedof a constant part R, independent of the strain on the machine, and a part 3 • P, proportional, or nearly so, to the useful effect produced or work done, where 3 is co-efficie
	1 
	2 
	1 
	2
	1
	2 
	R 
	1

	P= (1 + 3) P+ R; and again 2 -K== (1 + 3) P+ R. 
	1 
	(
	;) 
	1 

	The total effect produced per second is, the ref ore, 
	Pv == (2-;) Kv=-(1 + 3) Pv + Rv. 
	1

	and, therefore, the useful effect produced: 
	Kv
	Kv
	2

	R)v-
	(2K-
	-

	v= 
	P,

	graph), we must have v = 1(2-!) c = (1 -:X)c, or the velo­
	city less than the mean velocity; and so much the less, the greaterthe constant part of the prejudicial resistance is. The effort corre­sponding would be, according to this : 
	P= (1 + )K= K+,
	R 
	R 

	2K 2 
	or greater than the mean effort. The useful resistft.nce, on the 
	R
	K-
	-
	-


	2
	other hand, is P= ---. The total effect produced is:
	1 

	1+aŁ 
	Pv = 1 -:] Kc, and the useful effect produced is: 
	[
	(
	)
	2 

	x
	Pv = -, and the efficiency of the machine: 
	1
	(
	t 
	R 
	)
	2 
	Kc 

	2K 1+3 
	(1 -Ł)
	2
	2 

	'1 -----.
	'1 -----.
	= 

	1+Ł 
	in a machine turned by two horses. the r.omtant prejudical refistnncc rupoint of application of the hor!'es' ·effort= 60 lbs., the velocity nt w lwork when K= 2 . 120 =240 IIJs., and c = 4 feet, is reduced to v 
	&ample. 
	If 
	e­
	d
	ced 
	to 
	the 
	t icl
	t
	the 
	horses 
	should 

	(c i . 4 = 3,5 feet. Further, the effort of the horses = 240 + ŁO 
	= 
	1 
	-
	4
	ŁŁ) 
	= 

	-270h1b 
	-. " .-_d, therefore, that of one horse135 now, the constant 
	Ł
	, 
	an
	= 
	lbs. 
	If, 
	part 
	of

	dh
	. 
	f h 
	1,15 
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	Remark. Gerstner reduces tile calculation of the effect of animal pow·er t0 motion on 4 t!Je angle of inclination of the inc:lined plane, upon ,vhich the moYing power ascends with its Joacl, tllen the effort is P + G sin. " (see Theory of Inclined Plane, Vol. I. § 134), arnl 
	an inclined plane. If G be the ,veigbt of the animal, P the etforL exerted, and 

	(:) K=P+ G sin.a"· Hence, we have the load with ·which an animal 
	hence 
	2 -

	can ascend an inclined plane, and, conversely, tbe inclination corresponding to a given 
	(2-Ł)K-P 
	loacl,aviz.:arin.aisaca,thus when P=O,andv=a,or,\·hen theaaounal 
	-
	G 
	c

	has no resistance to overcome, and goes wilh the mean velocity sin. « ! . .But, the 
	= 

	,veight of an animal is almost always five times as great as the mean effort it can exerr, therefore sin. «=¾and« = 11½is the angle ofinclination of n plane ,,,bich an animal c-Rn asrencl with the mean amount of exertion and fatigue. This corresponds to a rise Qf one foot in five ieeŁ or nearly so. 
	0 

	§57. Tlte Lever.-Animal powers are applied to work by means ofthe lever or the wheel and axle. The l:i.tter are either horizontal 
	or vertical. We shall first speak of the lever as a machine for receiving ( and transmitting) animal power. The general theory of this machine is l"llown from Vol. I. §§ 126, 127, and 170. The lever is either single as .fl.CB, Fig.115, or double, as .11.CB./JFig.116; the 
	Fig. 11:i. 

	u 
	one has only one arm for the applica
	-

	tion of the po,ver C.11., whilst the ot.Qer 
	has two arms C.11 and C.ll-The lever 
	i 

	produces an oscillating circular motion, and is, tl1erefore, chiefly applied, when a reciprocating itp and doiun motion is desired, as in 
	Fig. 116. 
	• 

	.,, 
	• 
	pumping. 
	Han<lles, suited to tho number of hands to be npplil'd,As the strength can be better exe1·ted in 
	pulling do,yn,vards than in lifting up"·ard., it i� usual to make the cloivn-B�roke the wo'rking-stroke, nnd counter-balances nrc :i.ttahecl so ns to ithe ,vorkmen in the u,p-stroke, or the double Je,·er 1s uso<l,on which the workers alterna,tely pull do,rnwarcls. ,vhcn the <lown­stroke is the effective stroke, ropes, hanging from the en<l of_ the 
	?
	a
	d 

	lever, are frequently substituted for handles.moved by the tread of the 
	feet. 

	That there may not be too grl'at a. of direction during n stroke, the lever's motion is arc of not more than 
	change 
	confined 
	to an 

	TllE LEVER. 
	60, ancl, in order to facilitate the exertions of the power, the spacepassed through at each stroke is kept proportional to the length of arm of the workers, or at from 2½ to 3½ feet. Again, the ha.ncllesshould not como ,vithin from 3 to 3½ feet from the floor. Accordingto experience, men work 8 how·s per day, exerting an effort of le = 10,7 lbs. on the end of a lever, with a. velocity c = 3,5 feot. Therefore, the mechanical effect produced by a mn.n a.pplied to alever, as in pumping, is per second: = 10, 7
	°
	L 

	=Ket = 87,45. 8. 8600 = 1'078560 ft. lbs. 
	In putting up a. lever, it is necessary to take care that the ,vork­men shall be applied so as to exert the ascertained n1ean effort ,vith the mean velocity; or rather, that the effective effort shall exceed the rnean effort by only one-half of the constant prejudicial resistance.
	The lever itself is subject to only one prejudicial resistance, viz. : the friction of the fulcrum. If R be the pressure on the fulcrum a.rising from the ,veight of the lever and from the effort and resist­ance, r the radius of the fulcrum,f the co-efficient of friction, and the leverage C.8. of the power, then the axle friction reduced to 
	a
	the 

	point of application of the power F=R; as, hoŁ·evcr,f, and 
	f
	r
	also

	a 
	Ł are generally small fractions, Fis so small that it may be negle
	ct­

	a 
	cd in most cases, compared ·witŁ the other rcsistnnccs. 
	If \\'e suppose a useful resistance Q and a prejudicial resistance 
	Ł Q + TVncting n.t the point B, and if we put the leverage CB ofthese resistancesl= h, the moment of the effort becomes:
	[(I + 6) Q + W] anu, therefore, the effort itself:
	b, 

	Pa = 
	p 
	p 
	= 
	b 
	[(l 
	+ 
	Ł) 
	Q 
	+ W].

	a 
	advantageously applied: P 
	= 
	b W
	K + . ancl, therefore, JC
	2 
	: 

	a 
	w
	= Q , n.nd, therefore, the ratio of the lever 
	(1 + 6) 
	+ 
	2 
	arms 

	a (l + ) Q + 
	a
	½ n
	r 

	= is to be employed. 
	b K 
	Remark. The arms of tlJe lever are vnrin­
	Fig. 117. 
	ule to a cermin exceut during 1lte stroke, and therefore, it n11\y be well to detcrn1ine thŁ amount of tbi:1 varintion. 
	If the nrn1 CR, Fig. 117, be liori?.011tal at the halJ-slrokt, and if tbfi angle B,CR2 passedthrough 1n a strokee= 8, the height 
	° 
	through 

	,vhicu the resistanco is overcome s =1J
	I
	B

	'1 
	sin. , anJ1 therefore, the 1nechanic2 
	=
	2 b 
	8 
	al

	effect pro<loceu or expended in one 
	stroke 

	=2 bsin. t. Q. If, however, the resist• 
	2 

	nncc were conl:itaat during the stroke al a 
	Figure
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	leverage CB= b, the space pa!!sed over RI e1td1 stroke woultl l>e =arc B1 BBv. =B b, and, 
	2 b sin.eŁ 
	B
	Sb 
	2 rin. 8 
	= 
	½ 
	Q 
	b.

	ment 
	a stroke on the 
	Conversely, we may assume that the resistance Qacts llnring 
	S
	length of arm 
	mean 
	b
	UTC, 6U 
	= 
	b 
	0,955 b, or not quite 5 per cent less than b, an<l for smaller arcs ofosciUa­
	=

	tion, the difl"Łrence is s1ill much Jei,s. 
	Example. What propor1ion of arms should be chosen for n lever, that for a userul re• sistl\nce of 160 lbŁ. and a prejudicial re::.h,tAnce =0.t5 +55=0,15e. 160+ 55 =79 lbs., four n1en may ,vork to 11,e best au,·antage? K= 4. 10,7 =42,8 lbs. there
	Q
	1 
	Q
	-

	2115 
	2115 
	=

	fore !!= •• lf>O +-4,9. J f the resbtauce passes tJ,rough 1 foot for
	1
	1 
	5
	½ 
	55 

	b 42,8 4:!8 
	each stroke, the po,ver must at the same time pass tlirough 4,9 feet, antl if "'e take 
	the angle of oscillntion S=50, \\'e get for the suitaule length of lever b = 
	°

	8 
	t) • s 
	2 
	_ o,= 1,183 feet, and the lengtl1 of arm a= 49 . b=4,9 . 1,183 =5,80 ft. The si1&. :t5
	5 
	1
	° 

	160 +79
	effort necessary is P= = 48, 78 lbs., tJ1erefore, the elfort of each man = 4,9
	12,195 lbs., and the efficiency
	55 )ll (1-0e1311)
	'1

	· 
	., = 1-----= 0,657. \Ve see, therefore, tbat four men 
	= 

	( 2 . 4,0 . 42,8 11 15 
	I 15
	J

	capable of n <lays "w·ork eache= 1075800 ft. lbs., or 4303440 ft. IL!;. in all, would only produce 0,657 . 4303440= 2800000 feet lbs. weful effect with this machioe. 
	1
	1
	1
	1

	§ 58. Win,dlass. -The best means of applying the power of men, is the windlass (Fr. treuil, t-0ur; Ger. Haspel). This machineconsists of a horizontal axle, at the circumference of which the re­
	sistance acts, and of a crank, handle, or winch, Fig. 118, or series of handles on a wheel, Fig. 120, or of fixed or mova­ble levers (hand-spikes), Fig. llY. With the winch, the laborers have a continu­ous hold throughout the revolution,whilst with the wheel or hand-spike, the action is hand over hand, or otherwise at short intervals. The ,vinch is theform used for general purposes. The Q.wheel is applied principally in working
	Fig. 118. 
	A

	thŁ tiŁler on board-ship, and the movable levers are chiefly usetl for weighing anchor by means of the capstan.
	That a laborer may produce the best effect by means of the crank­handled windlass, the length of the lever 1nust not be more thanfrom 16 18 inches, corresponding to the Ienrrth of laborer, a.xis of the barrel must not be �ore on which the laborer stands, for aheight. The handle ofthe "'one, two, or more men, according to circumstcan work with less 
	to 
	arm 
	of the 
	and 
	the 
	than 
	36 
	to 
	39 
	inches 
	above 
	the 
	floor 
	men 
	of
	ve
	rage
	indlass 
	is 
	adapted 
	for 
	ances. 
	As 
	a man 

	D 
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	fatigue while pushing and pressing, thn.n whilo lifting and pulling,the effort required at each point of a. revolution of the handle is not 
	Fjg. 119. • Fig. 120. A 
	equal, and, therefore, it is well in double-handled wincllassee to set the handles 180apart, and, when more handles are applied, to dis­tribute them equalJy.
	° 

	The da.ys work of a man working a ,rindlass has been found tobe 1'175040 feet lbs. with a mean effort K= 17 lbs., and mean velo­city c= 2,4 feet, and length of day 8 hours. The calculations for the ,vindlass are the same as for the wheel and axle.
	1

	If the resistance Q, Fig. 121, act "-ith the lever CB = b, and 
	the 

	power Pon the lever C.11. = a, then Pa= Qb 
	. 
	·

	Fig. 121. 
	and, therefore, the po,vcr corresponding 
	to 
	Ł 

	given resistance is P = Ł Q. If, again, D be 
	a
	the pressure on the ;'ournals or gud,qeon8 and r the radius of the gudgeons CE, then Pa= 
	Qb+fDr, ancl hence P = -Q + -.fD. If
	b
	r 

	a a 
	the resistance Q, together with the friction 
	Ł 

	b 
	consist of the useful resistance , e 
	f D, 
	Q
	i
	th

	constant prejudicial resistance W, and the variable prejudicial 
	resist
	-
	-


	ance 6 Q, or, Q=(l+3) Q+ lV,lthenlP= [(1+l3) Q+ WJ=
	1 
	b 
	1 

	a 
	K+ and, the ref ore, the proportion of the winoh and barrel
	b 
	W

	Figure
	. 
	a 2 
	b-
	K
	d height of 16 to 18 inches, the leverage of the resistance,of the barrel is to be determined by this, yjz: 
	prescribe
	or 
	radius 

	b = +Ł)Ł.a+ iv in order that the laborer may work to tho
	(l 

	1
	greatest advantage. 
	Eramplt. On a t\,•o-handled ,vindl11ss the resistnnce is 200 Jbs., ,•iz. : 150 lbs. of use­ful resistance, and 30 lbs. constant, and 20 llJs. variable prejudicial resistance. The 1 the ra<lins of the 
	leverage of the resistance is 4 inches, that of the po,ver IS inches

	VERTICAL CAPSTAN. 
	jnurnal ¼inch, the co-efficient of friction /=0,1, and the \\Łeight of the barrel&c., 80 
	.,
	lbs.; required the useful effect of such a machine. The ,vuole po,ver required, if the 
	pressure on the journals be taken 200+80e=280 lbs., is p=!_. 200+ 0,1 . 280 
	1 

	1Ł 2 . llS 
	44,44 + 0,5 =44,94 lbs., and, therefore, tlle effort ofeach laborer mnst be 22,4 7 lb3.,nn,t, according to Gerstner's formula, tlle velocity of the po,ver, or of the ha11dle of the,vindJass: 
	= 

	v = (2-Ł) c = (2 :) . 2,4 = 1,628 feet, and that ofthe resistance: 
	2
	;
	4 7

	-
	w= Ł v =v . 1,628 =0,362 feet, and the useful effect per second : 
	b

	Qto =0,362 . 150 =54 ,3 feet lbs., and daily= 1,563S40 lbs., and tl1e efficiency of Łuch an appHcation of the po"ver of two laborers, the clay's ,vork ofeach of ,vhom is assumed 
	1

	to be 1,175040e:" = l,=0,665. 
	5s3s4o 

	2,35UOISU 
	§59. Vertical Capstan.­When the a.xis or barrel ofthe windlass is vertical, it istermed a capstan, Fig. 122. It is chiefly used on land for moving great weights a short disance, or for remov­ing great weights, as blocksof stone from a quarry, or
	Fig. 122. 
	t

	for the erection of obelisks, &c. Its use on board-ship is well known. 
	The horse-capstan, in its different applications as the prime moverof mill work, or as a wltim-gin, as it is termed, bv mine1·s, is a modi-
	..
	..
	fication of the windlass

	easily comprehended. The 
	Fig. 
	t23. 

	cattle employed in workingthe vertical windlass or gin, go round in a given path, pushing or pulling at the arm of the machine. Fig.123 shows the usual con­struction of the whim-gin baritel a chevauz ma­nege; Ger. Pferdegoel,Handgope[). BO is the 
	(Fr. 
	p

	axis, having a pivot at 0resting in afootstep, .llC./1is the double arm or lever, with fork-shaped shafts G,G• These cross the backs 
	1
	1

	of the horses, and the harness attached to them. The resistanQ nets at the circumference of a barrel or drum, or tootheB, eŁtlyindirectly. The length of lever is rat
	• 
	is 
	ce 
	d 
	wheel 
	eith
	r 
	irec
	or 
	made 
	as 
	g
	e

	• as conveniently can be have the largestpossible circle to move in. Tbe less Łhan from 20 to 30 feet. The line of inearly horizontal as possible, and, therefore, rrlever should be fixed,according to the height of working on it. Bthe nr-
	done 
	that the 
	animals 
	may 
	he radius 
	should 
	not 
	tract
	on must be 
	as 
	the 
	hei
	bt of 
	the 
	the inimals 
	y 

	A 
	Figure
	132 
	YERTIOAL CAPSTAN. 
	rangement shown in F.ig. 123, the horses or other cattle work Yerynearly at right angles to the beam or leYer; but if the horses be attached by traces to a cross bar and hook, the direction of traction 1nukcs a. cel'tain angle with the benm, becoming, in fact, a. cltordof tho circular pn th.
	From the length of beam C.11 = a, Fig. 124, ancl the length of
	traces ŁIJ.D = d, the ]cngth of levers of the 
	traces ŁIJ.D = d, the ]cngth of levers of the 
	Fig. 124. 
	horses 
	is: 


	CN= a= Ja-f, 
	Figure
	1 
	2

	.
	or, approximately, = a . a re
	-
	8 
	d'l 
	a
	It is 
	-

	sult of experiment, that a 111nn can 'York eight 
	hours daily on the beam of capstan or gin 
	exerting an effo1·t of 25½ lbs. nt the rate 
	of

	1,9 feet per second, and can, therefore, 
	pro
	-


	duce a day's work = 25.5 . 1,9 . 28800 = 1'395360 feet lbs.; on the other hnnd, a horse working on n gin for 8 how·s dail, ,vith a, speecl of 2,9 feet per second (a walk) co.n exert an effort of 95 lbs., or produce a day's ,rork = 95 . 2,0 . 2 00 = 7'!)34400 feet lbs. The ou1er is to the resistance, on the cupstnn or gin, ns for any 
	that 
	y
	p

	,vheel and axle, or P = Q -, ,vhen b antl a are tho n.rms or leverages
	b

	a
	of the resistance Q, and power Prespectively. The frictions at thefootstep auu at the periphery of the pivots at top and bottom have to be considered; for these require on increase of the po"'cr. If G
	be 
	the

	weight of the gin or capstnn comp
	lotc 

	Fie-. 12ri radius of the pivot, the 
	and 
	r
	1 
	the 
	staticai 

	moment of the friction on the footstep 
	= j

	f Gr, (Vol. I.l§ 171.) Ł'lie point of 
	1
	ap­

	plication of the resistance generally lies nearer the ono pivot, the other, and thus the pressure on t",o is different, anu their dimcusions 
	B, 
	Fig. 
	125
	thaŁ
	the
	are

	' 
	of course, proportionnl to the 
	strain.

	point of application of the be at tho distance BOB= l, from 
	If the 
	resi 
	t­
	ance 
	1
	the

	ph•ot 0, and CB= lfrom the pivot C, and if the ,vhole length the upright shaft CO= l= ll, then the pressure on tbe lo"•
	2 
	of
	1 
	+ 
	2
	er 

	piYot D= ŁQ, and the pressw·e on the upper pivot D2 = ŁQ, as i
	1 
	2 
	1 
	s 

	manifest if ,ve ·
	-first 

	considcrC andthen0, as the fulcrums of le,·er CBO. 
	Thus, 
	the
	sum of 
	the 
	statical
	moments of the 
	later
	tho
	al

	Figure
	f .
	·
	r1c
	t
	ion 
	on 

	. 
	r l 
	f,
	Q

	+ r l
	h 
	• 
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	the thircl section. 
	exerting an a speed of 2 metres= 6,6 feet, and, therl'fore, 
	eff
	ort 
	of 
	30 
	kilog. 
	=
	66 
	lbs. 
	at 

	can produce feet lbs. If ,ve apply Geri'tner's formula, aml put K= 120 lbs., c=4 feet, v= 6,6 feet, t= 8 Liours, and \P= 2-2 _ . 120 =00 lbs., and, therefore, the clay's work= 60 
	a 
	day's 
	work 
	of 
	'i
	1
	0!15000 
	z
	= 
	4½ honrs. 
	we 
	get 
	the 
	po
	ver 
	(
	6
	Ł
	6
	) 
	(
	4
	Ł
	5
	) 

	• 6,6e. 4,5e. 3600=6'415200 feet lhs., or pre11y nearly tl1e result alluclecl 10. If, hO'\V• ever, ,ve take the velocity 2,9 feet of a \\·nlk. as the basis, ,ve get by GerŁtner·s formula 
	a much greater effort, viz: 2-. 120 = 153 11.>s., and, therefore, the c.lny·s "vork 
	(
	2
	Ł
	9
	) 

	(8 hours)e= 12'778560 11.>s. 
	§60. Tread-wlteels, or Tread-mills. -The weight of men and cattle is sometimes used as the moving power of machines, the effort being exerted by climbing on the periphery of the wheel. The wheels consist of t,vo croiuns, connected with an axle by arms, and with each other by a flooring. The laborer t1·eads either at the internal or on the external circumference, cross pieces, as steps, being provided for his steadier support at intervals of 1½ feet. Figs. 
	Fig. 126. 
	Fig. 127. 

	Figure
	126 and 127 represent the more usual construction of tread-mills. Fig. 128 is a construction of wheel 
	Fig. 12s.
	nalogous to nn endless ladder, but 
	Ł

	s not much used. On it, the laborer 1s placed a.t the level of the axis, so that his "Teight acts entirely, and with the radius C.11 = a surpass in rr that of the wheel itself. In tread-mills the laborer is placed at an a.cute angle.llCK = a from the summit, or the bottom of the wheel, and, therefore,the leverage of his weight G is lesstl_1an the radius of the wheel C.ll = a,vJz: CN= a= C.11 sin. C.IJN= a sin. a. But then the faticrue of the laborer on the endless on the treatl•mill. In 
	Ł
	1 
	lacl<lcr 
	is greater 
	t11au 
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	Figure
	134 
	)fOY' ADLE IXCLlNED PLANES. 
	!he former case, it is the effort necessary to n1ount u vcrtica.1l1ad<le1·1n the other, it is tha.t for going up o.n inclination given by the tnn­gent .fl. T, making the angle T ./JH = C.11.N = "· The efl"ort Jin t 11 e case of the ladder is, therefore, G, ,vhilc in the tread-mill it is Gsin,. "· If the resistance Q act ,rith the leverage CBe= b, then forthe ladder-wheel Ga = Qb, ,vhile for the tread-mill Ga si,i. a = Qbbysubstituting the po,ver or effort, as in the wheel and axle; Pa= Qb.
	;
	> 
	,

	�Iathematically considered, therefore, the tread-mill gives no ud­vantage over the ,Yindlass or capstan; but the lo.borer can pro<lucca much greater day's work by the one than by the other, and, there­fore, they are often adYantageously employed. The application offour-footed animals on the e ,\·heels is incon,•enient, and not advan­tao-eous in any point of vie,v.
	it has been deduced from experiment that a mn.n can work nenr the centre of the ,vheel, i. e., near tho level of tho uxis for hours daily, exerting an effort of 128 lbs. and going at 0,48 feet pet·second, ·while he can "'ork for the same time, exerting an effort 25i lbs., and going at 2¼ feet per second, ,vhen his position is 240 from the vertical. In the one case. the day's work amounts 1'769000 feet lbs., and in the other 1'663000 feet lbs. Ilorses and other cattle produce less effect on such machines tha
	of
	to

	a. gin. A part of the ad,·antage arisi11g from the use of trea<l-,vLcels is lost in the increased friction of thci1· axles beyond that of ,vind­la ses or cap tan. If n G be the ,rcight of the laborer�, Gthe "·eight of the 111acl1ine, an<l if the rcsi:stancc Qact vertically down. ,vartls, the pres8ure on the journals = n G + G1 + Q, and if the radius of the journal, the moment of friction= (n G+ G+ Qr, and the ratio of power to resistance js: n G a sin. a.= Qb (n G + G+ Q) r. 
	J 
	D 
	r 
	Le 
	f
	1 
	)
	+
	f
	1 

	If the resistance be given, the angle of ascent mn.y be <lctermine
	d

	. ' 
	VlZ. : 
	Qb+f(n G+ G+ Q) r
	1 

	.
	sin 
	a. = --------::
	::--
	-----'----, 

	n Ga
	or the number of laborers 
	Qb+f( G+ Q) r 
	1 

	G a 11in. a. -Jr) · 
	(

	• K b W .
	8l/l;. a= n -. Ł Or When 8lll. « = 
	+ 

	a 2 
	(b . JV)+ G
	K 
	+ 
	. 

	a 2n
	§ 61. lfiovable Inclined Planes.-For farming purposes, in brc-weries, &c., the arran«emcnt sketched in Fig. 129, is sometimes applied. Tbc horse or ox "rorks on such an inclined plane for short spells. The machine has this advnntagetha.t the animal may Le left without a 
	,

	_n--------,------Łfen work to the greatest advantage when their effort: nP=n G F. t'l" ••Ł-Łv. 
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	driver. The action of the animals is in every respect the same as in tread-mills when they work near the horizontal radius. Themachine consi'sts of a. shaft BO, the axis of which is inclined 20to25from the vertical, and of a plane, from 20 to 25 feetlin adis,set at right angles to the shaft, and, therelfore, hav1g an 1nchnaton 
	° 
	° 
	:
	Ł
	Ł
	Ł

	_
	of 20to 25° to the horizon. If the animal moving the machinework at a distance C.11= a from the axis of the shaft, and if theangle of inclination of the plane, or the inclination upon which the animal may be supposed to be moving= a., then the power P = G 8in. a., and, therefore, the moment of rotation= Pa= Ga sin. (I.
	° 

	If the resistance be applied with a leverage b, its moment is Q b; and if Gbe the weight of the machine when in work, and r be theradius of the pivot, the moment of friction on the footstep= if(G 
	1 

	+ G) cos. (I r, and the moment of friction on the periphery of the pivots =-f (G + G-Q) sin. o. • r; because the weight G + Gre­solves itself into the components (G+ G) cos. t1, in the direction of the axis, and ( G + G) sin. <1, in the direction of the inclination ofthe plane, whilst Q acts in the opposite direction to this latter.Whence follows 
	1
	• 
	1 
	1 
	1
	1

	Ga sin. a.Q (b-f r sin. t1) +f(G+ G) (i cos. ca+ sin. a) . r. 
	= 
	1

	Example. How many men are required to be put upon a tread-mill of 20 feet diame• ter, in order to rnise a weight of 900 lbs., acting with a leverage of 0,8 feet 1 If we estimate the weight of the wheel, and its load at 5000 lbs., and taking the radius of the pivot at 2½ inches, and the co-efficient of friction at 0,075, then the statical moment of the resistance= 0,8 . 900 +0,07 5. /, . 5000 = 720 + 78 = 798 feet lbs., and, therefore, 
	the power at the circumference of the wheele= 79,8 lbs. A laborer placed 24° 
	798 

	10 
	= 

	back from the summit of the wheel, exerts an effort of 2:>f lbt-., nnd, therefore, the num• 
	ber of men required is U,= 3. These men could produce 3 . 1063000 = 4089000 
	7
	S 

	25J
	feet lbs. per day of 8 hours, and, therefore, they could raise the weight Q daily through 
	4989000 
	5890 feet high; or, supposing the load had to be raised only 200 feet high 
	= 

	900 
	the three men could raise 
	° 
	200 
	. 
	CHAPTER III. 
	0Ł COLLECTING AND LEADING WATER THAT IS TO SERVE AS POWBR. 
	§ 2. Water-eonduits.-Water that is to serve as power (FrreauAufschlagewasser), to be applied to machine
	Ł
	: 
	nzotrice; Ger. 
	s, 
	1s 
	col­

	from streams cases he erected a.t some distance from the hand must be led to the is lete, or water-conduit or 
	lecteŁ 
	a.nd 
	rivers, 
	or 
	from 
	sprin
	g
	s. 
	In 
	moŁt 
	Ł
	maclnnes 
	have 
	to 
	be 
	point 
	at whic
	the 
	water 
	can be 
	collected, 
	machine 
	in 
	what 
	termed 
	the lead 
	or 
	water-c
	ourse. 

	The lead may either be an l,anŁel or canal canale,, 
	open 
	c
	(Fr. 
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	S\VELL, OR DACK-\VATER. 
	rigoles), or it may be a close pipe (Fr. tuyaux de conduite; GerRtilirenleitungen). Pipes are best adapted for smaller quantities water. They have this great advantage, that they may be led in any "·ay within the hydraulic range of variation of level, whilst canals as letes, must have a continuous fall. Valleys a.nd hills mayoften be passed by pipes "·ithout trouble or expense, while the openchannel requires the cutting of drifts or tunnels, and the erection of aqueducts.
	.
	of 

	§ 63 . .Dams.-The vis viva of running waters, of brooks and rivers having velocities of from 1 to 6 feet per second, is seldom sufficient to allow of their direct application as power to drive machines. To increase .the vis viva, or to bring the weight of the water into actionit is necessary to dam it up to create a head or fall (Fr. chute; Gefiille). Water is dammed up by weirs, dams, or bars (}ir. barrages; Ger. ehre).
	,
	Ger.
	..,
	W

	Weirs are either overfall weirs, or they are sluice uJeirs. Whilst in the former the water flows freely over the saddle-beam cill, highest edge of the weir, in the latter movable sluice-boards dam thewater above the summit of a weir, which may be either natural or artificial. The overfall ·weir is usually laid down with the view of constraining a portion at least of the water of a river or stream to enter a side cana.l above it, or a lete by which it is conducted to themachine by which the power of the wate
	or
	to
	y

	In large rivers, dams are frequently built to occupy only a part of the width of the stream. These dams are termed incomplete ,viersin contradistinction to complete weirs, which are laid from side tŁside of the stream. The piers of bridges are examples of incompleteweirs (Fr. barrage discontinus; Ger. Lichte ehre), contracting the passage for the stream to a certain extent. 
	W

	Overfall weirs, too, may either be complete or imperfect. summit of the complete overfall rises above the surf ace of the waterin the part of the stream _below it, ,vhilst the top of the incompleteweir lies below that level, so that a part of the water flowing over undergoes a resistance from the water below-weir.
	The

	§ 64. Swell, or Back-water.-Any of the constructions we · above alluded to, dam back the water, produce a swell above ,veir, an elevation of the water's surface, and, therefore, a decreasof velocity. The height and amplitude or extent backwards to which this rise of the water surface extends, is a matter important to be determined with reference to the dimensions of the weir. 
	have 
	the
	e

	A knowledge of this relation between the weir, and its effects onthe river a�ove it, is not only necessary because by damming up the lngh, we should involve the district above to whichthey t been previously subjected, but we m�y with ther establishments, robbing them of a part of their fall, by throw­ing back-water upon them. The level of the summit of weirs is often 
	water too 
	infloods 
	had 
	n
	Ł
	interfere 
	?

	cox.:::rrnUCTION OF ,YEIRS. 
	fixcu by law or prescription according to a standnrtl peg, or ma1·k; any alteration of ,vhich is an offence liable to penalties (see, in refe­rence to the English law on this subject, "Fonblanque on Equity").The peg generally has a 8cale attached to it, by which the supply of ,vater may be rea.rl off at a. glance.
	The ,rater flo"·ing over an oYerfa11, or through an incompleteweir, acquires a waving eddying motion, the nction of ,vhich is verysevere on the bed of the river immediately below the ,veir, so that particular arrangements have to be made in the erection of w·eirs to ·withstand this action. 
	The quantity of water contained in or fiovting through streams or rivers, is different at different times, so that "'e have the expressions full, average, and dry, applied to the state of rivers, corresponding in Britain, to winter, autumn, and summer, though not very definitely fixed as to the particular period of the seasons. It is evidently ne­cessary to have accurate information as to the mean supply of water yielded by a brook or stream, proposed to be applied os ,vater power. The state of the stream i
	§ 65. Construction of Weirs.-For obtaining water power, the overfall weir is the most important means. \Veirs are built either square across the stream, or inclined to the axis of it. They areoften built in t,vo parts inclined to each other, the angle, ,v-hich is laid up-stream, being rounrted or not; they are formed as polygons also, and as segments of a circle, the convexity being turned to the stream. Weirs are built of wood, or of stone, or of both com­bined. They have frequently to be founded 
	al,va.ys 

	on piles, from the difficulty of getting a 
	Figure
	Fig. 1:lo. 

	sound foundation. The cross section of wooden, or other dams, is more or less ofthe form of a five-sided figure .IJBC.DE, Fig 130, in which .llB is termed the breast,Bl' thefront slope, CD tlte apron, .DE the back, and E.11 the sole, and C the sadille or 
	cill. The cross section of stone weirs i gcoernlly compoŁed of curved lines, as regnr<ls the apron and back, the object being to get the rush of "·ater smooth-
	Fiir. tat.
	ly away from the foot of the 
	a pron, so as to prevent corro­
	sion in time of fioo,ls.
	An overfall "·cir, such as is represented in Fig. 131, 
	consists of n ro"' of piles D,going across the strenm, nn<l 
	• 
	Figure
	COXSTR.t:-Cr10Ł OF "'Ji.IRS. 
	1Ł 

	a ,valling-picce, or saddle-beam Con the top-of walling E in front of the piles-a. second row of piles F further rlo,vn-streau1 nndparallel to the first-of a casing of hard laid pavemont G, bcrn·cen 
	the two, and which is con
	-

	tinued on,vards ,vith the 
	FiŁ. 1:12. ______ _, 
	should be
	apron (which continued so that it turns sliŁhtly The,veir in ltig. 132, sho,vs the manner of founding on piles, the intervals bct"·ccu the pile being clcarcu 
	uptuari/8). 
	out 

	nnd rammed ,yith concrete, antl upon this 
	us 
	far as 
	po 
	Łihle, 
	the 

	Figure
	l'he construction of ,vooden wiers .11.B 
	is 
	sketched 
	in 
	Fig. 
	133. 

	Fig. l 33. 
	on 'l'hcŁe bnn1
	Ł

	Figure
	the otl1er, on
	the otl1er, on


	is 
	a wall of beams, lying tight, one ,vhich comes thsa<l<lle-bcam ./J. 
	Ł 

	the top confinc<.l by u,
	of

	are 
	double ro,v of p1lcs CD and CD, n.ntl the piles EF un<l GII, as breast and hnck of the ,lan1, fur1n rci:;ting points for tlic , clay, crete, or such material. The a pron K of the llanl is co111inueil 
	1
	1
	driv
	en 
	plan
	kinU'
	of the <l.un. 1'he interior of the darn is fiJled "ith stonl1
	con
	<: 
	on,va.rds as substantially as po:::isible, in the n111nner slio\';n in 
	tl
	i
	c 

	Fill. 134. 
	Figure
	"eir is shown in Fig. 134 
	. 

	urc the guidc-cohunus 
	in

	' 
	grooves, . the
	111 ,vhichsluice "'orks. 'l'hc raagcu1cnts for rn.ir.;iug or o_pl'nin!J antl lo,vering orslluttin,q the sluice 'are 
	u.r­

	various. ...i\. cnpstan-lik<;i arru11cu1eut is bLo" u in tl1c figure, the 
	g

	IIE1t.llf OF SWELL. 
	13!) 

	luice-board hanginc, by cha.ins. 1.'he piles in such a construction 
	must be cleared fo; some depth, and the interstices well rammed 
	with puddle or concrete, to prevent leakage. 
	§ 66. He:ight of ;S'u1ell.-By aid of the hydra.ulic formulas we have 
	investigated (Vol. I.), the 
	Fil!. 135 
	height and amplitude of 
	the baak-water for any
	given da,m may be eaŁily 
	determined. If, in the 
	case of a. dam represented
	in Fig. 135, Ii be the hea<l 
	.lJB, and if b, be tho 
	brea<lth, and k, the height
	due to the velocity c of 
	the wate1· as it i:Iows up to the ,veir, or: 
	k = Ł' then the quantity of water discharged by the weir is (Vol. 
	a-
	2
	o 

	-3 3
	I. § 321) Q= t µ. b ✓2[h + k):i -k]. If, on the other band, 
	g 
	2

	the quantity <lischarged he kno,vn, the head correspontling to it upon
	8 .2_
	the saddle-beam: /1, = ( .! _ + kŁ)a -le. In order, therefore, 
	3
	Q

	µ.b ✓ig 
	to give the height BO= x of a weir to produce a given ltead, or rise of the water surface at the ,veir= h, "'e put .11.C +CO= JlB + BO, or, if the original depth of the water down-strŁam C'O be pute= a,
	1

	then h
	then h
	1 
	+ 
	a= 
	/1, 
	+ 
	x, 
	and 
	hence x 
	=a+ h
	1
	-/1,. 

	When the back-water or head raised is considerable, sa-y x =at least 2 feet; the velocity of the water, as it comes to the ·weir k, maybe neglected, and, therefore, we may put: 
	li = a + 
	li
	1 

	a.
	taken = 0,80 for this case. 
	In the case somewhat more complicate<l, because in this case two dif
	-

	ferent discharges are com­Lined. Tho height .IJC = h of the ,vater a.bo,·e the sad<lle­bea.m is greater in this case than the height ./JB = h, to which the v,r.tter is raised hy 
	1

	Figure
	-( � Q_)i, µ. b ✓-i.gnd according to experiments of the author, the co-efficient p. may be of the submerged ,veir, Fig. 136, the calculation is Fig. 136· • 
	the ,vatcr above the level B flows a1\·a.y freely, "·hilst the ŁB flows away under the head or pressure JIBe= h1• The dischargethrough 
	wat
	r 
	under 

	-3 3
	.IJR = Qf "'eb✓2[h+ k):t -k .i], and that through BC= Ii-hi, ise: 
	l 
	= 
	g 
	l 

	(h+ k):l-k
	1 
	8 
	8
	'i. 

	(h+ k)
	i 
	½ 

	Figure
	140 
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	Q= I' b(h-h)✓2(h+ k),and consequently the whole quantity, or, 
	'J 
	1
	g 
	l 
	½

	QQ= Q= b✓2(h+ k)-k+(h)(h+ k)
	l 
	+ 
	I 
	,i
	g 
	[i[
	l 
	}
	Ł]
	-li
	1
	1 
	1
	].

	From the quantity of water Q, and the height hto which the wateris raised, we have the height of water above the saddle : 
	1 

	Q
	h == ,,,l + 
	-
	-


	14 g l 
	b 
	✓2
	(h
	+ 
	k)

	from which the heiht of weir CO-x-=a+ h-hmay be deduceIt is evident that J,, > hor the weir, is a submerged or imperfeweir, when 
	g
	1 
	d.
	1 
	ct

	-
	-
	I Ł

	Q> i I' 1, ✓2g [(A+ k)2 -k]. 
	l 
	2

	Ezamplt. A L1trea1n of 30 feet width, ancl 3 feet in depth, diŁharges 3IO rnbic f Pet of water per L1econ<I. It is required to raise it 4feet by mea11s of R wt-ir. What ht-ight iis case, we may confidently use the l!impler formula: 
	j
	of weir is necesSRry? As the height of the water to be raised is considernule in tl

	x==a+ h( _)f. In this formula a== 3, la1 == 4,5, Q-=-310, b =30
	1 
	-
	3 
	Q 

	bŁg
	Ł

	,,. = 0,80, and v'Jg
	8,02 for the CRse in question. Hence: 
	= 

	2 . U,8 
	• 
	30 . 8,0'2 weir, as was presumed. If it wt>re reqnirt>d to raise the water up only 2 feet, x \\·ould he 3,2 ft,et, or the weir would still be ptrftct. If 1½ feet only were required, the d1trn would not require to rise shove the level of the water down-strenm, or the nRtural level 
	of the water in the stream; and would be a submerged weir. Applying the complete 
	formulas to this case, and putting 
	formulas to this case, and putting 
	310
	Q 



	0155( 
	0155( 
	"'=!_=0,0155e( 
	)
	'=0,
	)e
	9 

	(h+ h,) b 4,5e. 30
	'Jg 

	55. 5,27 = U,084 feet, and taking /A againe= 0,80 we get: 
	= 0,01e

	_e_(t,584)-(o.o84)i
	a10 
	Figure
	1
	l 

	h-h,e= 
	h-h,e= 
	8 . 30 . 8,02 y'J,584 j 
	0,
	J 
	584


	= I ,28-1,06 + 0,01 ==0,23 feet. 
	' 
	The !!addle overfall must, therefore, be about ¼ foot, or 3 inches under the PnrfaP-P the water on the lowt>r side of the weir: and, therefore, the height of the weir x==a+eh-h=3,25 feet. 
	of
	itsc-lf
	1 

	§ 67. The height and amplitude of the back-water in the case of sluice weirs may be determined according to the theory of thedischarge by sluices. Three cases may occur. Either the waterflows away unimpeded, or it flows under a counter pressure water, or it flows partly unimpeded, partly under water. In the case of a free discharge, as in Fig. 134, the velocity of discharge depends upon I,, above, measured from the centre of the opening tothe water's surface. If, then, a be the height of opening, and bthen 
	of
	the 
	bre-1th, 
	Figure

	= Ł (Ł)i' or, taking into consideration the velocity k 
	h 
	2
	Ł
	h
	with 

	1 Q 
	2 
	' 

	h -k. For the height of opening, "·e have the forn1ula: 
	2g ,... ab
	(
	)

	= 
	IIEIGIIT OF S"\VELL. 
	a = , or, if li= the height to which the "·ater is raised by 
	Q 
	1 

	µ. b ✓2gh 
	the dam above the sill, be given : 
	= According to the author's experimentseµ. is 
	a
	Q
	===· 




	1<Jzg (''• -;) 
	1<Jzg (''• -;) 
	b

	heree= .60. 
	If the under-water lie back to the sluice, as in Fig. 137, then the difference of level .li.B = h, is the head to be introduced as pressurein the above formula. In this case, therefore, the opening corre
	-

	sponding to a given head his : a= _. 
	Q

	,,. b 2gli
	✓

	,vhen the level of the under-water is within the range of the 
	Fig. 137. Fig. 138. 
	Figure
	sluice's opening, us shown in Fig. 138, one part flows a"·ay unim­peded, ,vhilst the other flo"'S under water. If the height of the1r11ter is raised, or the difference of level .11.B, Fig. 138 = Ii the heightBCof the part of orifice of discharge above of the ,vater =a, and BD the height of the part under this surfacee= a, then the quantity of water for the former part: 
	the sru·fa.ce 
	1
	2

	Q= µ. ab2g1i-i),and for the other: 
	1 
	1 
	J
	(

	=p, ab ✓2g h, therefore, the whole quantity: 
	Q
	2 
	2 

	Q = Q, + Q,= � b ✓2g a, ✓h -i+ a,✓h
	(
	)
	-

	From the quantity of water discharged , the hejgbt to which the \Yater is raised h, and the depth aof the sill or saddle of the weir under the under-water surface, ,ve deduce the distance of the sluice­board from this surf ace : 
	Q
	2 

	a= ( Q --a✓") : Ih 
	1 
	2 
	-
	ai 
	. 

	,,. b ✓2g � 2 
	ExamHow l.iigh must the boards of Lhe sluice ,veir, Fig. 134, be rai,;ed, bas to lŁt off 2:i0 cubic feet of water per Łcond, the breadth b beinge= 24-!height ht, to whicb the water is da1n1ne<l above the eill = 5 feet 1 In the case of un1m• pe<led discharge: 
	ple l. 
	which 
	feet, 
	and 
	be 

	250 2,16 
	250 2,16 
	_
	_
	_
	_
	a= 

	0,6 . 24 . 8,02 
	Figure
	a


	J 5-
	-


	Figure
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	approximately: a= 1, hence: J5 _Ł = -1,5 =2,12, therefore, tho lacigl,t of open.
	✓

	2 
	2 
	,6 
	2
	1


	. . = l 0, 2 foet = 12,Ł4 inches.
	111g requirelt : a= -
	-

	Ł 12
	I 
	•

	Exa11,plt 2. \Vbat amount must the uict>Fig. 137, be clr11\vn up, in order that it tnny
	l
	, 

	r1i:c1elinrge 120 c11l1ic feet of ,vater per !let-one!, under a head of J,5 feet. the ,viulh ofopeu­
	i11g l,dng 30 feet1 This is a case of dit;charge nnder ,vater, therefore,
	l'20 
	l'20 
	l'20 
	l'20 
	_e

	___
	___


	a= =0,078 feet =8,14 inl'11es. 

	O,ti . 30 • S.02 y'1,5 
	E:ramplt 3. lt is required to derermint1 tLe rinantity of water which flows through n. 
	=
	sluict! openini:; (Fig J38) of hrraclth b = J8 feel, hehthl CD = a, + a._ 1.2 feet, ,vhen the head .AB= 2 feet =h, and the height of Wl\ter nl>ove the sill, Clo0,5 feet. 
	= 

	In this case µ b ✓'Jge= 0,0. 18. 8,02 = 8616. Further a,, 0 = ✓2 = 0,?07, 
	O,G 

	nnd a, J,, -;, = 0,7 ✓1,o5 = 0,890, therefore, the riuautity of \\'ater required Q= 
	SG,6 (0,707 + 0,899) = 86,6 . 1,606 = 139,07 cubic feet. 
	§ 68. JJisconetinuous Weirs.-Tbe height of the back-water in the case of incomplete or discontinuous wei1·s, such ns piers of bridges,jetties, &o., may be calculated in Yery much the sumo ,vay as that for o,•erfalls. For the jetty BE, Fig. 130, there results a <lnmminback of the ,raters, because the strenm is contractetl frou1 the ,vidthJlC to JlB. If, therefore, the lead be closed, ,vhich it is ,vell 
	o­
	to 

	Fig. 139. 140. 
	Fig. 

	Figure
	as ume, the whole of the ,vater of the strea1!1 Q must pass throughthe contracted passage .llB. If we put the "·1dth .JJB = b, the heightof <lammed watere= .JJ.B= h, Fig. 140, and the depth BCof the under-watere= a, then the quantity flowing freely nbove the under
	1 
	1 
	1 
	-

	water is Q= ¾ b ✓2 gh, and the quantityflo,ving a,vny as under­waterh= Q=p b a ✓2gh. Therefore, the whole quantity goingaway : Q = µ b ✓2 gh h + a). Ilence, inversely, tho breadtof weir corresponding to given height Ii of dammed '\Yater, is 
	1 
	"' 
	Figure
	3
	2 
	Figure
	(i 
	h 

	Q
	b = . If the height of back-water lz, be small 
	µ (i h + a) ✓2gh Yelocity of the ,vater great, the Yelocity of the water to the jetty, must be taken into consideration. 
	or 
	the 
	as 
	it
	co
	Ł
	es 
	up 
	If 
	le 
	be 

	-
	3 3 
	and, thereforee: 
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	-[ 
	-[ 
	3 
	3

	Q ,i b ✓2g 1 [(li + k):i k] + a (li + k),
	= 
	-
	2
	.1.J
	2 

	an<.l inversely: 
	Q
	b= --------------· 
	p. ✓2g [¼ [(Ii + k)! -k] + a (li + )]
	l
	½

	Whilst in the unimpeded motion of ,va.ter in river channels, the velocity is greatest at the surface, and decreases gradually as we go <lownwards in the verticaJ depth, the case is different when the ,vater is dammed up by any obstruction in the stream. Then the velocityincrease8 from the surface of the upper-water down to that of the under-water, and diminishes Yery little from thence downwards to the bottom. There is, therefore, a change of velocity as representedby the arro,vs in Fig. 140. This must nece
	cause the water abo1
	1
	unimpe<le<l
	iig
	= 

	Fig. 142. 
	Rttnark. Jf a jeuy, or orl1er b11iltling contracting a stream, <loes not reach above the !'11rface, the ,vhole quantity of ,vater Q rnay be considered as composed of 3 parts. If the top of the consttuctiou be benenth the uncler-,vater surface CD, Fig. 142, then the quantity of \Valer flowiog a\\•uy through the section .11.BDC, is: 
	Q, =i ,_,. bv-ig [(h + k);e-kJ]. 
	Ii being the height of the back-water, and b the breadth .JJ /J.
	tue remaining part nbove tlie top of the building, and under the 
	Secondly, 
	constant 

	= f'-b, (a -)v-ig (Ii+ k), \\there a= depth of under-water
	head /1, or QŁ
	a
	1
	GHtbe 
	,

	b1 = tl1e breatl1h EFofthebuildinl!, nut! a, = il.S height EH. 
	the p11tt flowing nwuy at the end of the building under the constant head h, 
	Lastly, 
	1a 

	-
	-
	3 3

	1
	ralc11l1-1te rltf' le111anh nnd lieiŁlit ofbuiding neces..Łnr(l(lnC'e a given mo1111t of darn. Tf, on the otLt!r Lund, CDbe tue uuc.lcr-wtiurfucor if u1econ.:s1r1.1ction rt!ucL above the surface, 
	l
	y 
	10 
	pr
	n
	1 
	1 
	ater 
	e, 
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	, 
	,

	Q=1,.. b1 v-.tg [(a+ h-a+ k)Y -kr] 
	1 

	-
	-
	.,.-

	+ f,-i b1 ✓.lg [(I, + k)l -k�J + ,-i a bv:lg (h k). 
	2 
	+ 

	&ample. ,vhat ,viuth BC must be given to l11e dam BE, Fig. 130, in circler thnt tl1e rh·er, ,vhicb is 550 feet ,vide, anti 8 feet clc<-p, and c.leHvers 14000 cubic feet of water per seconc.J, may be damtned up 0,75 feet1 
	k=0,0155 ( =0,0155e. 3,18=0,156, 
	i
	4
	ooo )' 
	g 

	5!"11) • tj
	and if f-4 =0,9, then the width of the conLrar.ttd 1/rtam: 
	14000
	b = 
	,\.,
	00 . S,02 ! (0,90f>!'-J50!'+ 8 . O,OOO:.J, 
	[
	'I 
	l 
	)

	14000 1-tOOO
	238,Ł feet,
	= 
	= =

	7,21Ł U,5Ł2 + 7,fi!JS,7,211:!e. 8,13 
	(
	) 

	nncl, therefore, the lengtll or projection of tl1e <lain= 550-238 ,5= 3 l l,5 feet. 
	§ GD. A1nlitude of the Back-1vter.-We have now to resolve other important question. According to ·what Jaw does the height of the dammed water uiminish in stretching back, up strenm? out having resort to any peculiar theory, this problem can be solvehy the theory of tl1c vurinble motion of water in river channels, plained Vol. I. § 369, § 370. 
	p
	a
	tl1
	0
	"\Vith
	­
	d
	ex­

	Let us suppose the Jength of river on which back-water from the clam .IJBK, Fig. 143, is perceptible, divided into separate lengths, 
	FiŁ. 143. 
	Figure
	:incl let us submit each length separately to calculation. If depth of water .IJB nt tho weir, athe depth DE at the upper end ofsuch a. length; .IIBDE, Fthe section of the flowing ,va.ter at the \Veir 
	a
	0 
	be 
	the
	1 

	0
	Fthe section at DE, Q the quantity of water, p the mean circumŁ fcrence of the section for this length, and a the angle of inclinationof the river's bed, then, from (Vol. I. § 370) the length of tho cliyjsion, (aand aand Fand Fbeing substituted for ench other) : 
	1 
	first
	0 
	1
	, 
	0 
	1 
	i 

	3 z (h+ l·), h2 being tue free widtl1 CD. Thus: 
	Q
	=
	I-'-
	b
	a 
	✓
	'2g 

	Q=½,.,.b✓:lg [(h + k,� -k!] + µ [b a-baJ:2g + k), and, therefore, we can
	✓
	(h

	a0-a1 -(_!_
	a0-a1 -(_!_
	2
	-

	-;) Ł 
	F1 Fo 2g
	i• 
	l 
	= 

	sina P (_!_ + _!_)_g_
	. 

	Fo + po2 p12
	-, 
	. 
	F
	l 
	2 
	g

	0be 2 its section, and 1 the mean perimeter of tho water 
	If 
	2 
	the 
	depth 
	of 
	"·a.
	ter 
	GH 
	at 
	the 
	upper 
	end 
	of 
	a 
	second 
	length
	.£!
	EGH
	, 
	F
	p
	sec­

	( 1 1 ) Q
	( 1 1 ) Q
	.,. 

	=a1-a-p-2g
	l 
	2
	2
	p"l 

	D-----•
	H
	2 l 

	sin. a = Ł P(_! Ł: 
	l -
	i 
	+ 
	) 
	Q

	pl + Fz iŁ p22 2g 
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	Continuing in this manner, namely, assuming arbitrary decreases of 
	0-a, a-a1, a-a3, &c., and calculating from this the sec­
	depth a
	1
	1
	1

	1, F2, F3, &c, and the mean perimeters, we get by the for­
	tions F
	.

	the distances l, l, l, corresponding, or the distances l, l + l,
	mula, 
	1
	2
	1

	2
	l
	+ l
	1 
	+ 
	la
	, 
	&c., 
	from 
	the 
	weir
	. 

	find the depth y corresponding to a given distance x, we may
	To 

	.
	iapply the method of interpolation to the values I, l+ l, l+ lt /, &c., just found, or we may make use of this other formula, · likewise given, Vol. I. § 370, viz.: 
	e
	ther 
	1
	2
	1 

	sia. -{ . o2
	(
	n. 
	Po 
	. 
	v
	)

	o bo g 
	a
	2
	l
	•

	aO-al == 
	2 
	I 

	Vo a
	1-
	-
	• 
	2g

	0
	If we put in this instead of 6the breadth, and instead of p, the
	0

	,
	0

	perimeter, and .for v0 the velocity at the weir, this formula. gives the -a) of the height of back-water on the first short length l, and for a next following short length /this decrease is : 
	decrease (a
	0
	1
	1 

	-Pi v11
	(
	si
	n. 
	a. 
	{ • 
	. 
	)

	11 g 
	a
	b
	2
	l &
	c
	.
	,

	a
	-a
	= 
	:--
	2 V 
	2 V 
	2 

	1--._!_ 
	a2g 
	1 

	and, la.stly, for a given distance l +l+l+...the depth: a-a)-(a-a)-... may be calculated. 
	1 
	2 
	0 
	-
	(a
	0 
	1
	1
	1

	Examph 1. A weir is to be built in a river 80 feet wide, 4 feet deep, and discharging 1400 cubic feet per second, in order to dam up the water 3 feet high. Required the relative amount of damming, at distances back from the weir. Without the dam, the 
	velocity of the water c = = 4,375 feet, and, therefore, according to the table, Vol. 
	1400 

	8. 04 
	I. p. 447, the oo-efficient of resistance C=0,00747, and the inclination of the channel 1
	sin. 11 = 0,00747 • P . Ł-If, therefore, p = 84, F = SO . 4 = 320, c=4,375, and _
	F 2g 2g
	=0,0155, then the inclination: 
	11 = 0,00747 . 0,0155 (4,375)' =.0,00058 18, or, .00058,
	ain. 
	84 

	320 
	near enough. The depth of water close to the weir is 4 + 3= 7 feet, and we shall now determine the distances at which the depths 6½, 651, and 5 feet occur. If we first introduce into the formula: 
	1 

	a-a,-(-•--Ł) 
	0 
	<l

	2g
	l= 
	l= 
	0,5, F= 80e. 7 =e560,
	J.,'
	•
	1 
	Ft
	o 
	0 


	, -= 
	a
	0 
	a
	1 

	2 Q 
	lin. • _ 
	c. 
	2800 
	P 
	F+ F1 
	0 

	Ł(l_
	)
	_1
	+

	F' F,' 2g 
	0 

	= 2,59 feet, C=.0075, the value of
	= 

	F+F. 1080 
	= 

	0,5 -(0,0000036982-0,0000031888). 30434 
	l= 
	Figure
	(0,0000036982 + 0,0000031888) • 30434 
	1Ł!0 

	0 4845 
	0,00058 -0,0075 
	0,5 -0,0155 
	we n,ust again put o-a,
	0 

	= 0,5, but F= 
	o

	To find the distance back at which the water's surface occurs, ,.., 80 . 6.. 480, p ss and the 
	a 
	depression of 
	1 
	foot in 
	520, F
	85,5 

	VOL. 11.-la 
	Figure
	1:16 
	Figure
	an velocity 2,80 gives C=0,00740. Hence, Ly means of the same for1n
	me
	2800 
	ula

	1000 
	1000 
	== 

	l!O that the depth becomes ti feet instead of 6,5,5 -0,0000006421e. 30434 __ 0.4845
	as ahove, we get for the distance in which the surface Jo\\'ers, 
	0.

	= 1142 feet . . 00058-.00749 ·.0,00000S0385 . 30434 
	Figure
	l
	= 
	Figure
	85
	5 
	.ooo
	4
	Ł4 
	== 

	1000
	The\\·ater at a distance 1071+1142=2213 feet,is,therefore,only6 feet deep,eor0 -a1 = 0,5, and F= 480,F, = 440, p = 85,1, and ! = 0,00749, then l= 1205 feet, ttnd for a further depreesion5 feet, l= 1413 feet, so that at 2213 feet+ 1203 feet + 1413 feet= 4829 feet backfrom the weir there is stil I a rise of 1 foot, occasioned by it. For the 4 ½ feet deep length I= 1922 feet, for 4¼ feet, l= 1584 feet, and for 4, 1 feet, l= 1850 feet, 1.10 that there isstill a difference of Yth of a foot ata distancee4829+1922
	the height of the back-water is 2 feet If, again, we put a
	0 
	of 0,
	tr
	b

	Ezampk 2. Required the height of the back-water at the distance 2,500 feet backfrom the weir of the last example. According to the calculations above, there is a riseof 2 feet at 2122 feet above the weir, and the question, therefore, is, how does the rise500-2122 cs 378 feet? The distance beck from the 6 feet 5 feet takes place, has been found above to be 
	diminish in the distance 2
	depth at which a further reduction of 0,

	5 feet. Therefore, for each foot a depression of feet, 80 that for 377 feet, we
	120
	0,5 

	5 
	120

	should have · -0, 157 feet, and, therefore, the rise of the back-water nt 2 500
	0,
	5 
	378 

	5 
	5 
	120
	-

	feet back from the weir is 2-0, 157 == 1,843 feet, Rn<I, therefore, the depth of ,vater= 5,843 feet. If we calculate according to the second forn1ula :
	·
	,, Po "og)
	-
	-
	800,Po=86, o=
	( · 
	. 
	0 

	a-o= _____ _!!_ŁŁg 4 and if we put into this l 
	0 
	0 
	o
	o 
	7
	,

	l' i
	2 . 
	2 . 
	=-

	1--. ..!.. 
	00 -Jg 
	0b= 560, v-== 2,5,and Ł=0075, we getthe depre!'sion correŁpondingO 39n 
	0
	0 
	0 
	1400
	=

	I Ł
	560 
	iŁt't, and if we again put I=800, P=85,8, D= 7-0,399 = 6,00I, D1400 . . 
	o 
	0 
	0
	b
	o
	= 
	5
	2
	8
	,

	1,= __ = 2,652, and ! = .0075, the depression ,s found 10be 0,383 feet. 
	0 
	Continuing 

	r>28
	manner, but setting l this timee= 900, Po=85,5, D= 6,60I-0,3
	in 
	thito 
	0 
	8
	3
	= 
	6
	218

	1400 .
	88, and !=00749, we get the depression D-a
	"b = 497 44,t•
	o
	= 
	___ =2,
	0 
	1 
	I l 

	O O l403
	=0

	4g744for 800 + 800 + 900 = 2,500 feet bock from weir, the depth 403 = 5,818 feet, and the height of the back-water here is 1,815 feet. The80 that the difference in the reeults of the two methods is not 1p1ite ½ of an inch. 
	,
	1Łe1, so that 
	I 
	of 
	water 
	is
	H,218 -0,
	first method gave 1,843, 

	§ 70. Back-water Swell.-If we consider somewhat closely the equation of the curve of the back-water, that is, of its longitu
	dinal

	section, viz : 
	section, viz : 
	-• . 
	sin. 
	a. 
	{ 
	F
	p 
	v
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	. 
	2g
	o a1 ·---....a:... 
	a
	-
	= 
	Figure
	1
	l,
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	v
	1--· 
	-

	a 2g
	several interesting circumstances in ref erenee In the fraction : . 
	we discover 
	to 
	the
	back-water. 

	P ' 
	v

	Bin. Cl -{ • -
	• 
	-

	F 2g 
	1--. 
	a 
	-
	2g 
	DACK-WATER SWELL. 
	the numerator and denominator become more nearly equal to 0, the greater the velocity v, and according as the one or the other first becomes O, ,ve havee: 
	v)
	2 

	( ao -) (1 
	a1
	-2 . 

	a 
	2
	-
	.
	-
	oo 0.0 p
	= 
	or 
	l
	= 
	v
	2 

	. 
	-
	-


	a. -{ • -•
	sin. 

	F 2g
	We perceive from this that when the numerator becomese= 0, the division l, or the limit of the back-water becomes infinitely distant, and in the case of the denominator becoming = O, the length l= 0, or there is no back-,'fater. No,v the numerator becomese= 0, when 
	2
	{ . P • _!__e=sn. G, or, when the velocity of the dammed water differs F 2
	i
	g 

	in an infinitely small degree from the velocity Jof
	v 
	= 
	2g 
	F
	s
	i
	n. 

	G
	p
	{

	the uniformly flowing water of the stream, and the be­comese= O, when: 
	denominator

	2 i
	v
	v

	2 
	a

	-. -1, or, -= -
	= 
	,

	a 2g 22 that is, when the height due to the velocitye= half the depth of the stream. 
	g 

	When tlie lieig ltt due to tlte velocity of tlte water before tli,e intro­duction of a weir, i,s le'ls tlian, half tlie depth of tlte undamrned water, the back-water takes tile form shown in, Fig. 143, and ij' the Jieight due to the velocity he greater than lzalf tlie depth, the back-water has theform Fig. 144, there being a rise or swelling at the point EG
	.
	. 

	Fig. 144. 
	Figure
	S 2
	If in the equa.tion sin,. a = , P . Ł, we put Ł = F= ab, ancl
	a 

	F 2g 2g 2 
	p ( though it be only approximately) = b, we have : sin. a = ½ {. Thus the circumstances represented in Fig. 144, arc likely to occur ,vhen t?e fall or Łclina.tion of the stream a, is greater than ½ the 
	or
	or
	co-efficient of resistance { = .0075, that is when ci > 
	.00375, 


	a. > gi1 in 266. As rivers and water-courses have Ja less inclination than this, the sudden depression EG, 1-!4i
	-u
	, or 
	general
	y
	Fig. 
	, 
	s 

	eldom observable in them. 
	depression of the back-,vnter ,vas first ,v=0 Tbsa,earance is rnanifeatell "' heu the inclination of the channel changes.'shown io the Fig. 146. If the degreeof inclination of the upper part be greater tbnn ½ Ł. und inclination of tbe lower pa.rt 
	Remark 
	l. 
	Tbi
	s 
	sudden 
	observed 
	by 
	Bic1one,
	in a 12 inch ,vicle trough, in ,vhich 
	4 
	ns 
	033. 
	e 
	neapp
	as 

	' 
	148 RESERVOIRS. 
	148 RESERVOIRS. 
	Fig. 1•15. less, there is formed at the point of change 
	Fig. 1•15. less, there is formed at the point of change 
	Fig. 1•15. less, there is formed at the point of change 
	Figure

	-----· 

	1
	a 1uodŁ or sudden rise ,vhero tho less de1,u


	lO thegreater incHnntion, passes into the greater depth corresponding to tholess inrlinntion.
	corresponding 

	Rernark 2. Saint-Guill.Jem has given an e1n­pirical eqontinn for tlto curvo of tlie back­wnter, but tlte author lms given one moresimple and accurate jn the ".8llgtmeint11 Mruchi11m EclopiJ.dit," article "Be,vegung des Wassers.
	·
	, 

	§ 71. Reservoirs.-In districts where the supply of ,v-a.ter is small, but where powerful machines are nevertheless required, as in mining districts generally, the construction of reservoirs (Fr. etangs : Ger. Teiclten ), or large artificial ponds, that fill durjng seasons of rain, and supply the demands of drier seasons, is n. mnttcr of practicalimportance. The site to be chosen for a reservoir is regulated by a ye level of the machines to which the water is to be applied. This being satisfied, they are mos
	variety of circumstances. The main question is that of the relati
	r.
	as
	r

	to the nature of the bottom, that is, its impermeability must be thoroughly ascertained; also its 
	Fjg. 146. fitness for bearing the weight of the uyke or 11am. Artificial pud­dling is, of course, a resourcavailable in many cases; but 
	e
	for 

	. . . 
	.

	very extens1,·e reservoirs, 1t 
	1s 
	a.

	precarious and expensive remedyfor ,vant of natural impermea­bility. Fissures in rocks, depo­sits of sand and gravel, morasses or bogs are to be avoided by all means. 
	Rt>1nork. On this subject, see Smeaton'
	s

	•1 
	"hReports," 1:ganzin. "Cour, de Ccnutructi
	o,
	1
	1

	uni! Hagen " JVassubauku,ut." 
	The value of a reservoir depends chiefly on its superficial and cubi­cal contents. For ascertainingthese, an ncourntc survey is 
	neces­

	sary. The points I, II, III, &:c., of Fig. 146, are la,id don•n f1·om a 
	Figure
	DYKES. 
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	survey with the chain or theodolite, and cross section.s are then takenby leveling (and sounding, when there exists a natural reservoir), on eqni-distant parallel lines 0-0, I-I, &c.
	, bb2 •••, be the 1yidths 0-0, II, II-II, &c., andif the distance between the parallels be a, the area. of the dam is: 
	If b
	0
	n 
	b
	n 
	-

	n +4(b+bs+• .+bn1)+2(bŁ+b,+ +b,J-2)]e;, 
	G= [bo+b
	1 
	... 
	. 

	and if, in like manner, F0, F, F2, &c., be the area of the cross sec­0, b2, &c., respectively, thevolume of the dame: 
	1
	tions corresponding to the widths b
	u 
	b

	V= [ Fo+ Fn +4 (F+F+..+Fn.1) +2(F+ F+..+Fn,z) J. ;. 
	1 
	s 
	2
	.,, 

	Bdividing the cross sections by parallel lines, drawn at equaldepths, ,ve get the means of laying down contour lines of equaldepth, and so ascertain the contents of the dam for each depth.
	y 

	emark. The author·s work "Der Ingenieur,' contains detaiJe<l instructions for 1neastu•ing reservoirs and <lykes. 
	R
	·

	kes.-The dykes or dams of reservoirs are generally of earth-work, seldom of stone. The face inside, or next the reservoir is covered with clay puddle, and with a careful]y laid course of gravel. They are carried up of a uniform slope, or with offsets or terraces. They are carefully rammed at every foot of additional height laid upon them. Especial care must be taken with the foundation, ,vhich must be carried down to an impermeable stratum with which the superstructure must be connected, so that the bed of 
	§ 72 . .D
	y

	The dyke, in its main features, is sho,vn in Fig. 147, having a trapezoidal section EK 
	or FL. .11.C, is sometimes 
	Fig. t47. 

	termed the cro'lon of the dam ; it must be ,vell paved, and generally has a parapet ,vall to preventthe wash of water duringhigh ·winds from damag­ing the crown, or washing over to injure the back of the dam NE or JvIE. Thepiece KME of the dyke is termed the middle or cantre piece, and the
	pieces .11.NH B.JU C are termed the wings of the the breast is generally made 1 3, back at the rate of 1 to ,-vi
	and 
	dam. 
	As 
	to the 
	dimensions 
	of 
	dams, 
	to 
	slope 
	at 
	the 
	rate of 
	to 
	and 
	the 
	2. 
	The 
	dth 
	on 

	13 
	*

	Figure
	Figure
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	the top is very various. For high dykes it varies from 10 to 20feet. A common rule is, to make the width at top equal to thoheight, but this only applies to dams of small height. The dykeshould be carried from 3 to 6 feet higher than the highest waterintended to be in the reservoir. 
	Fig. 148 represents a cross 
	section of a dyke for a reser­voir. .fl.BCE is the breast­work of clay carried down to ,vnt<.\r-tight substratum,BG FC is the backing ofearth-work, .flE is the paved fa,ce, the paving being 4 feet thick at bottom, and 2 at top. 
	Fig. 148. 
	feet 

	be the lenglh along the top. and 11 the length nlong the bottom, b tltahrPnchl1 on top, and b, at bottom, and if h l,e the heigut of n dyke such Fig. 148, the cubic coutents of the dam are: 
	Rcnw..rk. If 1 
	tile breac.hb 
	as

	V= [l b1 + l,b +2 (lb+ [.b,)] . 
	6 
	h 

	ln applying this formula, it mu t be borne in ,nind, that the ,vl'll-rnmmed clay does occupy quite one-half of thnt of tllo earth-work that uns not beeo mmme<l. 
	riot

	§ 73. Stability of JJykes.-Dykes are exposeŁ to the Pessure
	:
	,

	and sometimes, thouh rarely, to the shock or impetus of ,vnter.
	g

	They must, therefore, be of proportions that ,vill resist either overturned or shoved forwar
	being
	d 
	by

	Fig. 149. the nction of the ,vn.ter. 
	The

	conditions under ,vbich they resistbeing sho,reJ for,rard ha.ve beenexamined, Vol. I. § 280 and weshall no,v consider the question ofstability in reference to dislocation by rotation. 1'ho ,vater acts onthe internal slope or breast .!JDof a dyke, Fig. 149, ,vith a normal pressure OP = P, the point ofapplication of ,vhich is .ill is n.t the distance L.Al= i the depth CK= jfrom the surface of the 
	; 
	Ji 
	,vater 

	(Vol. I. § 278). For a. length of dttm = P .ll. "I . Ł, "I being
	1, 
	= 
	D

	-
	density of the water, or "·eight of cubic unit. horizont
	t11e 
	The 
	al 

	component of this pressure is: 11 = 11 • = tho 
	1 . "I • !
	½ h
	2 
	"I, and 

	vertical component, (if rn be the relative bntter, rn}i absolute 
	or 
	the 

	batter DE of the breast,) V= rnh . 1 . r . Ł = ½11nh"I• The weight 
	2 

	of the piece of the dyke of length= 1, acting of gravity 
	at 
	the centre 

	Figure
	Figure
	+ (n ;)bh+ ½b']r[(2Ł-l mn) h+mb]; r) 
	+ 
	1 
	+ 
	m
	+ 
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	Sof the trapezoidal section .IJBCD, is G = (b + t n hh'Yi, in 
	m 
	)

	which b= the breadth .IJB, and n relative, or n h the absolute batter or slope of the back of the dyke. From P and G, or from H, V, and G, there arises a resultant force OR= R, the statica.I moment of which C.N. R, referred to the corner C, represents the stabilityof the dam. If we suppose P, and also Hand V, acting in M, thestatical moment of P = statical moment of H minus statical moment 
	of V= ½ h'>'. MQ-½ mh'>'. CQ = ½ h'>' (.MQ-ml. CQ)= ½ h'>' [¼ h -m (nh + b + i m h)]; 
	2 
	Figure
	2 
	2 
	Figure
	2 

	hence we have the statical moment of G working in a contrarydirection: 
	= ½ n h'Yi • in h + b h (n h + !) + m h,,(n h + b + ¼ m h) 
	2 
	r
	1 
	2 
	1 

	= h r(¼ nh+ n b h + ½ b+ ½ m n h+ ½ m b h + t mh) 
	1 
	2 
	2 
	2 
	2 
	1 
	2

	= h+ m n + n + b h + ½ b; and,hence,
	,.
	1 
	[(
	1
	n,
	2 
	+ 
	2 n
	2 
	) 
	Ł 
	h
	2 
	(
	2
	m) 
	1
	J

	3
	we have the stability of the dykes:
	2
	S = h ni nn ) bh + ½ b] r
	(
	[
	(
	m
	2
	Ł 2 
	n
	2 
	+ 
	) 
	: 
	+ 
	(
	+ 
	;
	2
	1 

	-[¼ h-m (n h + b + i m h )] 'Y)· In order now to find the point 
	;

	X, in which the line of resistance UWX cuts the base CD of the dyke, we must determine the distance CX of this point from the 
	ORR
	edge C, and for this we put: = = 
	CX 
	; 
	and from this 

	CN HR V+G 
	CN. R _ S _ 
	h
	2 

	-a---------)
	+ m n 

	ex_ _ 
	--·--
	-
	-


	([(
	m
	2 
	+ 
	2 
	n
	2 

	V+G G+V 3 2 
	_ [(m'+ 2n'+ 3mn) hŁ+ (2n+m) . 3 bh+3 bŁ :r,+[(2m'-1 + 3mn)h+ 3mb]h;r 
	3 ([ ( m+ n) h + 2 b] )'1 + mh )') 
	a 
	-

	By aid of this formula, other points W in the line of resistance may be found, if for h different heights of dyke be introduced, or we may ascertain the stability of any part of the dam bounded by a horizontal plane. 
	For a dyke with vertical sides, m = n = o, hence 3 6h
	2 
	2 
	h
	2 

	a = 'Y1 -,. = ½ b'Y (Vol. II. § 10). If the inclination 
	-
	Figure
	•

	'Yi 
	6 b
	6
	h ,,
	1

	be 1 to 1, or 45 m = = (2 ' + 8 bh + b) ,,+ (4 h + 3 h'Y;
	of 
	the 
	breast 
	and 
	back 
	°, 
	n 
	= 1, 
	the
	ref
	ore, 
	a
	3 
	h
	1
	1 
	b) 

	3 [2 (b + h) '>'i + hr] and if b = h, then a '>',--2 'Y, then
	-
	18 
	1 
	+ 7 
	r 
	. 
	h 
	, 
	and 
	if 
	1 

	1 "t 
	4 
	r
	+ 
	3 
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	a= 1Ł Ii= Łl b, or, as in this case the breadth at the base b= 3b or b = t b, a= 3 f b• According to Vaubnn's practice, there iŁ 
	1 
	i
	1

	ample security when a= 8 . Ł = /s b(Vol. II. § 11, so that for
	1 
	)

	2
	the last case there is an excess of stability. All things considered,it is well in dykes, for great reservoirs, to make a at leastl= 0,4 b' or the line of 1·esistance should cut the base at iths of the width of the base from the heel of the dyke. 
	l 
	0

	Example. Required the line of reŁist..'lnoe of a dyke, tho batter of inclination of tholirenl't of ,vhirb ,n = 1thnt of the back n= ½, the brcnrlth on the !'ummit. or cro,vnbeing b = 10 feet. A!;smning that the mnss of the dyke ha:1 a !-pt:ci fie gm vity =2. Wo have: 
	1 

	2 (3h+ liO h+ 300) + (fA+ 30) h J200 + :JOO hlh'.
	1 
	+ 
	7 

	'
	3 (3 h+ 40 + h.) 
	a=-

	= 
	300 
	24 (IO+ It) 
	480 
	14000 
	20 feet, a= --=
	9525
	12,29 feet, ror h = 15 feet, a= --= 
	15,87 fdel, for h = 
	19 ,14
	19 ,14
	'

	= 
	000 
	17 1, 
	anu
	_...., 

	24 
	·
	feet, &c. Ifthe eight ofdyke be very great, ,ve may put: a 
	h

	;i h
	b !" I 
	= 

	= 
	hence Ł=l}AseŁ! is more than 0,4, such a dam would be safe for an inJlnitob 
	· 

	height. 
	a
	-

	Reniark. According to llle formula. h= in the exomple Vol. I.§ 280, if we 
	3h
	2 

	put a =mh, tl1en 2 h= (3 -m) h, hence h = , nntl, therefore, in our last 
	2 
	b 
	exn1n
	.

	3-,n 
	pie, in which m=l,h=b= 10 feE't. 
	§ 74. Ojfiet Sluices of Dykes.-OfHet sluices and discharge-pipesor culverts, must be provided in the reservoir dyke. The oflict sluic; or regulator, serves for the discharge of any excess of water th:1t,rould accumulate in times of extraordinary wet. Tho discharge­pipe or culvert, is for supplying the leacl or water-course as circuin­stances require. There may be one or more of ea.ch of these acces­sories in a dyke. For instance, in some dykes an ofRet is arranged at the very lowest level, so that the dam m
	when occasion requii·es, and above 
	Fig. 150. 
	this, 
	a second o:fHet 
	is laid, 
	by 
	which

	the water-course is supplictl withwater to be led to the machine that is to receive it as power.
	The ofilet-pipes may be either wood or iron, or of stone, or may bebuilt culverts. Fig. 150, in the mar­gin, gives a general idea of the ar­ranement of the dra,ving-sluice ordischarge-sluice of a. dyke. J.l is the end of the pipe or culvert, onthe face of which is a flat piece of"·ood or iron is a cast ironor wooden sl1.tice-boarcl, fitting into 
	of
	g
	B, CD 

	Figure
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	guides, D.E is the sluice-rod, reaching to the surface or top of the 
	dyke, E is a cross piece by which, in the absence of grooves or
	guides on the plate on the end of the pipe, the sluice is kept pressed 
	upon its bed, G is a strong beam having a female screw, through 
	which the screw Gpasses, and the handle or key, H, being turned,
	H 

	the screw elevates or depresses the sluice-rod, as may be desired,
	for opening and shutting the sluice. 
	The discharge-pipe must have a sectional area, such that the dis­
	charge when the water, or rather its head, is lowest, may be sufficient
	for the supply. of the power required for the machine. If be the 
	Q

	quantity of water to be discharged per second, hthe given least head,
	l the length, and the diameter of the discharge-pipe, { the co-efficient
	d

	of resistance at entrance, and {the co-efficient for internal friction, 
	1 

	then, according to Vol. I. § 332, 
	(l + {) d+ {l (4 Q),
	d 
	5 
	J
	Figure
	Figure
	1 
	2 

	= .
	Ł 2gh 
	" 

	or, more simply: 
	d = 0,4787 [(l + {) d + {, l] r-
	:J

	If, therefore, we take { from the table in Vol. I. § 325, and {from the table in Vol. I. § 331, we can determine by approximation the required width of pipe. As the head is higher, a greater part of the aperture must be closed, so that, according to Vol. I. § 338, there must be introduced a greater co-efficient of resistance for the entrance. If the entrance aperture be very small, the water doesnot fill the pipe, and, therefore, the calculation is simply referable 
	1 

	to the area of the opening = , where ,.,, is to be taken 
	F 
	Q 

	,.,, ✓2 gh 
	from Vol. I. § 325. With table of areas of segments, the calcula­tions are very simple. The prolongation of the discharge-pipe through the dyke must be of very substantial cement-built masonry, and in large dykes should be from 5 to 6 feet high. 
	Exampk 1. A diŁharge-pipe of 100 feet long is required to let off 10 cubic feet per second, when the head is reduced to 1 foot, what must be the diameter 1 Supposing the inclination of the sluice to be 40(equal that of the breast of the dyke) then t =0,87; encl the co-efficient t, corresponding to a velocity of 5 feete= 0,022, we have d= 4787 
	° 

	7 !!atisfies this equation very nearly. Thus, a dis• charge pipe of 1,7 • 12 =20,4 inches would fulfil the required conditions. 
	Ł(1,870 
	d+ 2,2)e. 100, and d= 1,

	Exmpk 2. In what position must this sluice-board be placed, in order to discharge 6 feet? If we assume that the pipe does not fill in this case, then 
	a
	only 10 cubic feet of water per second, when the head is 1

	Q lO 5
	F .431 square feet. 
	• /A ✓2 gla ==0,731e. 802 ✓16 
	== 
	= 
	11,
	6 
	= 

	•reduced to radius l = 0,431 . = 0,598, 
	This 
	segment 
	of 
	radius 
	1
	7 
	4 
	and 
	from 
	a

	2 2,89
	2 2,89
	table of areas of segments, we find the height of such a segment to be inch. 
	5 
	es

	§ 75. Water-courses.is conductedtor 
	-The 
	water of the 
	reservoir 

	_
	which it is to be applied, i. e., through which is to expend its mechanical effect, by canals, water
	led to the 
	point at 
	to 
	the 
	machine 
	it 
	-
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	cou1·scs, and rnill-leadR. These channels are generally dug out ofthe na.tural soil, raised upon embankments and aqueducts over the <lceper valleys, and cut as drifts or tunnels through the greater ele­vations that occur in their course. The bed of the canals are forn1cd of sand or gravel, on a bottom of clay, or are hn.nd-laid stones, or concrete formed with cement, antl not unfrequently it consists of a,,vooden, an iron, or a stone trough. The sides of this canal form right lines, or its section is a gent
	Fig. 151. Fig. 162. 
	Figure
	not water tight. Fig. 152 represents the manner of forming a course on the side of a. hill, ,vhere the earth taken from the cut is made the supporting bank on the under side. Fig. 153 shows tho 
	such 

	Fig. 153. Fil(. 154. 
	Figure
	in which it is sometimes construct the embank­
	man
	ner 
	necessa.ry to 

	n. section of a ,valled drift or tunnel, through groundnot consldered impermeable to wo.ter, and incapable of stn.ndinlJ'unsupported. The n1anner of putting troughs together is indicated 
	Fig. 
	1
	,?4 
	is 

	,v..ATER-CO 'C:RSES. 
	in the sketches in Fig. 155 for wood, and Fjg, 156 for iron, wherethe flanges, bolted together, are further made ,rater-tight by "·hat is 
	Fig. l 55. E 
	termed a rust-joint ( a cement composed of sal ammoniac and iron filings or turnings).
	junction of a water-course with a river Fig. 157, be gradually widened and rounded off, and the head D substantiallJŁ finished, so that it may not be injured by freshes, or objects carried 
	The 
	.fl.fl., 
	should

	against it in time of floods. Flood-gates or sluices have to be ar­ranged along the course, if this be of any considerable extent.sluices should be made self-acting, that no damage may be done to 
	Fig. J 57. Fig. 158. 
	Figure
	the banks by even a momenta,ry overflow (the self-acting sluices onShau/ s water-works, in Scotland, is the most notable case of this se�f-acting arrangement on record). They act generally by a floatbeing raised as the water in the channel rises, which float opens a Yalve or sluice to discharge the surplus water in convenient localities. Sometimes a. case filJs as the water rises, overcomes a. counter­balance, and in its descent opens a valve or sluice, by which the surlus water ils discharged. The syphon, 
	p

	.
	.
	.

	a simple contrivance, and is sho,yn in Fig. 158, ,vhere .IJBC ts the syphon ·with an air-pipe DE. When the water in the water-courseriss to the height of the summit of the syphon, ,vbjch is thŁ highestpoint for safety, the syphon water, and the water 1s drawn off and discharged at C, the head being CŁ the depth of C under the ,Yater surface. When the "'ater has sunk to the lerel of DE, 
	Ł
	fills with 
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	the air rushes in and stops the action of the syphon. If the water does not fill the section B D of the pipe, the discharge is made underthe conditions of a weir.
	§ 76. The velocity of the water in a water-course should be neither too slow, for then the course chokes with weeds; nor too fast, for thenthe bed of the channel may be disturbed; and besides, too much fall must not be lost in the inclination of the course.
	A velocity of 7 to 8 inches per second is necessary to prevent deposit of slime and growth of weeds, and 1¼ feet per second is ne­cessary to prevent deposit of sand. The maximum ielocity of waterin canals depends on the nature of the channel's bed. 
	1

	On a slimy bed the velocity should not exceed t foot. 
	" " "
	clay 
	½ 
	" 

	" " "
	'' sandy 1
	" " " "
	gravelly 2
	" " " "
	shingle 4
	" " " "
	conglomerate 5
	"
	"
	" "

	hard stone 10 " 
	This applies to the mean velocity. 
	From the assumed mean velocity c, and the quantity of water be led through the course Q, we have the section F, and hence 
	to
	the
	perimeter p of the water section. If we put this in the formul
	a. 

	Ł { . P Ł (Vol. I. §367), we get the required inclina
	= 
	h 
	= 
	. 
	tion

	l F 2g
	Ł of he canal, and hence the fall required for the lead, whose =l1sh-al. 
	Ł
	lengt
	h

	The inclination may, therefore, be vey different according to cir­cumstances. As, however, {as a mean 1s 0,007565, and c generally 
	!

	from 1 to 5 feet, and ; is something between l and 2, the limits of 
	the inclinations for the water-course would be 
	0,007565 . ! . 1 . ,0155 =-0,000023, and 
	0,007565 . 2 . 25 . ,0155 = 0,00578, .
	the courses leading from the machine have a greater fall, that the machine may be quite clear of back-wa.ter. The course leading from the machine is usually termed the tail-race. 
	Rnnark 1. The water-courses for the water wheels and general uses of the mining districŁ, have inclinations varying from J =0,00025 to J =0,0005, or from J 5inches to 30 inches per mile, the tail-races generally .001 to .002. The Rornan aqueduct, at Arcueil, near Paris, has an inclination l=0,000416, or 2 feet per mile neal"ly. The New River, which supplies a greRt part of London, has an inclination I'= 0,00()1)4735. [fhe Croton aqueduct has J =0,000208, or 1,1 foot; and the aqueduct 0,000047;J5, or 3 inche
	Freybe
	rg
	&ston

	Rffllark 2. All 11udde11 changes of sectional area and of direction are to be because these not only occasion Joss of fall, but entail other bad effects in the way wear andhtear and deposits. Bends or curves should have as great a radius as possibl
	avoided
	of
	e 

	_
	tht Łct•Ł arta should be increased there. If r be the of the course, andR the radius ofcurvature, the fall Jost by a curve may be calculated, according to Vol 
	or 
	mean width 
	I

	· 
	· 
	· 
	· 
	·

	§334, by the formula: 

	"•[0,124+ 3,104 (!..)l] go . !!.. 
	== 


	R 1802g 
	° 

	Figure
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	Rtmark 3. The deposit of slime, sand, and the growth of plants, diminishes the section of water•courses1 and fall is tliereby lo:.L The water-courses must, therefore, be carefully cleaned om from time to time. 
	§ 77. Sluices.The entrance of water into a water-course iseither free, or regulated by a sluice. If the water enter unimpededfrm the weir-dam or reservoir, in which it may be considered to be still, the surface of the water sinks where the flow commences, and the depression is proportional to the initial velocity in the wa.ter-
	-
	Ł

	i
	course, and therefore = ;g, which height must be deducted from 
	the total fall of the water-course. For moderate velocities of 3 to 4feet per second, this depression amounts to only 1½ to 3 inches. 
	If the entrance of water into the lead be regulated by a sluice, two distinct cases may present themselves. Either the water flows 
	freely through the slu.ice, or it flows into and against the ·water of the lead. It will generally be foundthat the depth of the water in thelead, is greater than the height of the sluice-opening, and, therefore, there occw·s a sudden rise 8 at acertain distance from the sluice .Ii.C,Fig. 159. The height BC= x of this rise is a function of the velo­
	Fig. 159. 

	city v of the water in the lead, and of the velocity vof the water coming up to the sluice, such that 
	1 

	s s 
	x = Ł -!_, and if we deduct this height from that due to the 
	2g 2g 
	velocity vor .llC= h = ;Ł, then the head causing the initial velo
	0 
	2 
	-

	city vlis: 
	vv 2 vv
	i 
	(
	2 
	) 
	2

	lt-X= 
	lt-X= 
	.llB= h1a
	= 
	-
	-


	222g 2g'
	Ł 
	Ł
	-


	or exactly the same as if the water were discharging freely. sluice-openina is never is, of course a. certain 
	As 
	the
	perfectly 
	smooth, 
	there 

	the head required by 10, cent. 
	resistance 
	inŁreasing 
	or 
	even 
	Łore, 
	per

	area. of the section of the water F= the a_rea of the sluice-opening CD, Fvand, the ref ore, the rise 
	If 
	we put 
	G 
	= 
	the 
	flowing in 
	the 
	lead, 
	and 
	then Gv 
	= 
	1
	,

	x=la-a
	1 
	= 

	[1 -(Ł)]Ł
	2
	, 

	s 
	g

	ancl substituting for ;height due to the velocity or the 
	Ł 
	the 
	head 

	.11C= h, x [(Ł)t] lt. the difference x = a -aof the 
	= 
	1-
	If 
	1 

	depth of ,vater a and abe less than 1] ;Ł, the rise occurs 
	1 
	[
	-
	(
	Ł
	)
	2
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	further clown the lead; but, if it be greater, then the rise occurs 
	nearer the sluice, till at last the dis-
	charge takes plnce under bo.ck-,rater,
	Fig. 160. 

	as sho"·n in Fig. 160. In this case,the head .llB = lt has not only to pro­uuce the velocity v in the ,vater tho lead, but also to overcome tl1e sistance arising from tho sudden change of the velocity i11 into the velo­of the lca<l. If ,vo put Fnron. of tho opening, and G = the 
	of
	re­
	city v 
	= 
	tl
	1
	e 
	area

	of the lead, the loss of head occasion eel by this tru.usition is; 
	(l,.-v)Ł 1)v
	i 
	= 
	(
	-
	2 
	2

	= ' 
	g gand hence the fall: 
	2
	F 
	2

	Figure
	Figure
	.llB= li = 
	henceh= 
	' 
	v








	(G -1)
	(G -1)
	+ 
	2 

	Ji' 
	1 + ;-1] ;;. 
	[
	(
	)
	2

	It is obvious that the difference of level of the water before and behind the sluice, is so much the grca ter, tho smaller the sluice­opening Fin proportion to the section of the ,�·ater in tho lead G. 
	Example. A lend of 5 feet neno widLhanti 3 feet depth, s11pplif's 4Ł cubic: feet ppr
	Ł
	Ł

	_
	second. It is fod through a slu1co 4 feet w1cle, a11<l l foot opc1ung. 1lc-qn1rctl how higher the \Vater will st11nclŁfor!.! the Łluice tban U4.•hiud it. G=6 X 3= 15 
	much
	1 
	SfJUat
	e 

	ftJet. F=4 X J =4 square feet i v= 1 f=3 feet por St.'contl, and v= Ł 
	1 
	3 
	15
	= 
	◄l 

	11¼ feet 
	= 

	Now· as [1-(Ł];Ł= (L -(\)'] 2i02 = 1,88 ft•et is less thnn a
	!I
	1
	-
	a
	1
	=3
	_ 
	1 

	2 feet, itis evident t.bac there ,v Ht not be a fr« di,charge. The 1brn1ula 
	=

	h= 1 + (!-J)'] Ł gives the difference of level required h=(1 + 2,75") 0,139 =8,06 X 0,139 = 1,19 feet, which ho,vever, be increa
	[
	mt1st, 
	sed 

	10 per cent. at least, on account of the resistances at the opeuing. 
	§ 78. Pipes, Conduit Pipes.-Pipes are usually employed smaller quantities of water are to be brought to supply machines '
	whe
	n

	such as the water-pressure engine, and turbines of Yery high fa]lThey have the advantage of much grea.tcr pliability than open con:duits, but their adoption instead of open canals, depends cntii-ely onlocal circumstances in the question of relative advantage.
	Pipes are made of wood, of pottery, of stone, of glass, iron, lead &c. Wooden and iron pipes are those most usually employconnection with water-power engines. ,v ooclcn pipes arc usuallyformed from large trees, because straight pipes to 20 feet length, and from 1½ to 8 inches bore, or internal diameter, may bogot from this timber. The bore is genernlly t of the diameter of heree. Wooden pipes are jointed or co1111ectcd together as sho,vn 1n Figs. 161 o.nd 162. 
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	PIPES, CONDUIT PIPES. 
	Fig. 161 is a conical mortice with a bindin,g ring and packing ofhemp, or linen steeped in tar and oil. 162 is a connection by 
	Fig. 
	Figure

	Fig. l6L 
	Figure
	Figure
	means of an iron double spigot going from 1 to 2 inches into the ends of the two pipes.
	Iron pipes are the most durable and most universally employed of all pipes. They are cast of any diameter, and have been used as large as 5 feet Lore. The length of each pipe rarely exceeds 12 feet, and is less as the diameter is greater. For 3 feet diameter,they are about 9 feet long each, in England. To prevent internaloxidation, they are sometimes boiled in oil, sometimes lined withwood, or with Roman cement. The thickness of metal must be pro­portional to the pressure they have to bear, and to their dia
	p

	Fig. 163. Fig. 104. 
	"·hen the packing is properly done with small folding wedges of 
	hard ,vood.) A collar, or ring, as shown in Fig. 165, is sometimes used. The packing is either leather, felt, lead, 
	Fig. 165. iron rust, or ,vood. The more effectually to 
	Figure

	prevent all leakage, there is sometimes a, small internal ring put in (counter-sunk) to cover the joint. A :flexible joint, as shown in Fig.166, is sometimes necessary { as for crossing a. river, where it is necessary to let the pipe rest on the original bed of the river). Where the pipes are exposed to
	changes of temperature, expansion joints, as shown in Fig. 167, 
	Fig. 166. 
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	must be introduced, that the expansion and contraction of each con­siderable length may not injure the pipes or joints. The expansion of cast iron is .0000111 of its length, for each degree of centigrade; and, therefore, for a change of temperature of 50, or from winter frost to summer heat, the expansion ,vould be 0,000553. Therefore,for every 900 feet, there is an expansion anc1 contraction of 6 inches.This is to be con,pensated by an arrangement, such as is shown in our last figure, where the pipe B is m
	° 

	§ 79. Pipes cannot of course be laid so as to maintain a straight line; but rise and fall, and turn from right to left in their course. It is a general mo.xim to avoid all sudden changes of direction inlaying pipes. All bends should be effected by curved pipes, of as great radius as possible, or the bore of the pipe should even be 
	increased at bends, to avoid loss of vis viva in 
	Fi!?. 1ns. the water. When a pipe bends over an eleva­tin, as in Fig. 168, �here is a disadvantage 
	Figure
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	arises from the collect1on of air at L, as this contrncts the section, and would gradually stopthe fl.o,v of water. To prevent this accumuJation of air, vertical pipes .flL, called ventilators or wind pipes, are placed on the summit of the pipe, through ·which air, or other gases given off by the ,vater, can be discharged from time to time, by means of a. cock, to be turned by the 
	inspector of the pipes. To make these ventilators self-acting, the arrangement sho,vn in Fig. 169 has been adopted. In this ventilator
	the discharge vn.l ve V is connected with a float S Fii. 169. of tinned iron, which is pressed upwards as long
	Figure

	as it is surrounded by ·water, and thus keeps thevalve shut, but falls or sinks downwards ,vhen the space about it becomes filled with air, and then the valve is opened to discharge the air. As air col­lects at the highest points of a conduit pipe, so the sand or slime collects at the lowest points. 1emove any deposits of this nature, waBte-cocks areplaced at these points, by which the pipe is scoured, or separate receptacles for the deposits are attached to the pipes, and these are cleared from time totime
	Łro
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	Ltho introduction of check or division plates, which still more 1·etard 
	y

	the flow. Cocs for flushing the pipes are introduced more or Jess frequently, accor�1ng to the the water, and the rate of flow throughthe pipes, and seldont at less inter,als than 100 feet. For ascer­' 
	Ł
	purity 
	of 
	taining 
	the 
	point 
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	where 
	any 
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	occurred

	pezometers Vol. I. § 344) are very useful. 
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	PIPES, CONDUIT PIPESŁ 
	For regulating the discharge of water thr'>ngh pipes, cocks and slides, and valves a.re used. The effect of these has been shown in Vol. I. § 340, &c. In order to moderate the effects of the impulse or shock arising on the sudden closing of a cock, or other valve, it is useful to have a loaded safety valve, so placed that it will openoutwards when the pressure exceeds a certain limit. 
	§ 80. The general conditions of motion in conduit pipes have been already discussed. If J,, be the fall, and l the length, d the diameter of the pipe, C the co-efficient of resistance at entrance, C1 the co­efficient for friction in the pipe, and ,., &c., the co-efficients for11 be the velocity ofdischarge, we have : 
	resistances in passing bends, cocks, &c., and if 
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	and if Q be the quantity of water: 
	h = (t + { + {1 Ł + {s +. ·Q
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	,c2.:d•We see from this, that for carrying a certain quantity of water Q, so much less fa.II is requisite, the greater the width of the lead. Ifthere be two pipes instead of one, the two together having an area equal to the one, and supposing each to take half the whole quantityof water, the fall necessary is: 
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	• 2g d'so that in this case the fall is greater, or the head required is greater, so that it is mechanically better to employ one large pipe, than two 
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	nature of such calculations is as follows. 
	The 
	general 

	Calculations for pipes, where there are numerŁus subdivisions of branches, become exceedingly complicated. The water is brought from different 
	whole 
	systems 
	of 
	case 
	in 
	which 
	sources, 
	and the 
	pipes 

	If the sub­
	place in a reservoir which has sectionalarea than the main pipe, the water comes there again to rest, or thewhole vi& viva is destroyed, and has to be acquired again in the branch pipes. The same loss of vi, viva occurs several branches come together in a reservoir, from which one pipe carries off waters. In this case, the calculation itself to a sepa­rate consideration of each branch and requires no further elucidation. The collecting reservoir be, if. possible, placed at such levels ensure the same mean v
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	PIPES, CONDUIT PII>RS. 
	In the case of a simple subdivision or forkit is mechanically ad­vantageous to make such &1·rangements that the ,va.ter may move inall the pipes with the same velocity. If, besides this, the branches be curved off properly, so that there is no sudden change of direc­tion in the passage of the water from the main into the branches, it may be assumed that there is no loss of head or vi8 viva. In the case sketched in Fig. 170, let li = the head BC, l the length, and 
	, 

	Fig. 170. I 
	d the diameter of the main pipe, and let h= the head or fall DE,1the length, and dthe diameter of the one branch, and d= DE,l, and d, the fall, length, and diameter of the other branch, andalso let c, c, c, be the velocities of the ,vater in these three branches,and, lastly, let { be the co-efficient of resistance for entrance, and {the co-efficient for friction of the water. Then, for the length of pipes .11.CE, we may putl: 
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	for the length of pipes .l1CE: 
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	But the quantity of water Q= c of the main pipe, is equal to 
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	branches; and hence we may put: 
	3. d2 c= d/ c+ dc•
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	:By aid of these three equations, three quantities may be deter­n1ined. The more usual case is, that of the fall, the length and thequantity of water being given, the necessary diameter of the pipe isrequired. If, then, we assume a. certain velocity c in the main, we get the width of this pipe by the formula: 
	d = Jand we have then only to solve the equations: 
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	d, = \ • d, = \ 
	5 
	and
	and in order to obtain a first approximation to the values of dd, we may omit these from the pa.rt under the radical. If cand ccome out to be very different from c, attention must be pa.id to the , being variable, and its value for each of the pipes in­and drepeated. 
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	Example. A system of pipes, to consist of one main and two branches is intended to cRrry 15 cubic feet of water per minute by one branch, and 24 cubic feet by the other. The Ie,·els showed that in a length of 1000 feet of main, the fall was 4 feet, the first 00 feet. What must be the diameters of the pipes respectively? If we suppose a velocity of 2½ feet per second in the main, then its diameter 
	branch had a fall of 3 feet in 600 feet length, and the second 1 foot in 2
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	=0,5754 feete= 6,9 inches. If now (according to 
	505,the co-efficient 5) for velocity c= 2,5 feet, = 0,0253, and as 2 g = 64,4, and 
	Vol. I. § 436), we put the co-efficient of resistance for entrance ('=0,
	of friction (Vol. I. § 43
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	and hence we shonld have more accurately for the first branch pipe C,=0263, and for the other Ł= 0,0270, and hence with the best accuracy which the formula admits 
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	CHAPTER IV. 
	OF VERTICAL W.ATER WHEELS. 
	§ 81. Water Power.Water acts as a moving power, or moves machines either by its weight, or by its vis viva, and in the latter case it may act either by pressure or by impact. In the action ofwater by its weight, it is supported on some surface connected with the machine, that sinks under the weight ; and in the action by its vis viva it comes against a surface yielding to it, in a horizontal direction generally, which is, in like manner, an integral part of the machine. If Q be the quantity of water (or Qr 
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	water) available as power, per second, and A
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	That water may pass from rest to the velocity c, a fall, or height 
	due to the velocity h =Ł is necessary, and, therefore, in the second 
	instance we may also put L = h Q-,. So that the mechanical effect inherent in water is the product of its weight into the height which itfalls, as in the case of other bodies. 
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	Water sometimes acts by its weight and vis viva simultaneouslyby combining the effects of an acquired velocity c, with the fall h through which it sinks on the machine. In this case, the mechanical effect produced is again : 
	c2 c')
	L Qr . h + Qr-= h + -Qy.
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	The mechanical effect Pv yielded by a machine is of course always less than the above available mechanical effect Q J,, r; be­cause many losses occur. In the first place, all the water cannot always �e brought to work ; secondly, a part of the fall is generally lost; thirdly, the water retains a certain amount of vis viva afterhaving quitted the machine; and, fourthly, there are the passive 





